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THIRD VOLUME 
BIRDS. ORDER XV. -GAVI/E 


CHARACTERISTICS" OF 


ORMERLY associated with the petrels, the terns, 
skimmers, gulls, and skuas (order Gavi) are now 
regarded as nearly allied to the Limicole, with which 
they agree in the arrangement of their plumage (page 
_1332). Externally these birds are characterised by 
the prevalence of pure grey and white in the adult 
plumage and the complete webbing of the three front 
toes, as well as by their long wings, in which the fifth 
secondary quill is wanting. Their skulls differ from 
those of the typical Limicole in the absence of basi- 
pterygoid processes on the inferior surface of the 
rostrum, while the hind extremity of the lower half 
of the beak is abruptly truncated at its articulation 
with the skull; and in the wing the flat bone corre- 
sponding to the first joint of the human forefinger 
has two circular per- 
forations—a __ feature 
distinguishing the skele- 
ton from that of any 
member of the plover 
tribe and their allies. 
Throughout the group 
there are deep grooves 
on the upper surface 
of the skull for glands, 
the development of 
these being very vari- 
able waa omnis | ft hve 
Limicole. 

Except in the skim- 
mers, the beak is 
simple, and may be 
either straight of 
hooked. In the wing 
there are ten large pri- 
maries, and one minute 
and concealed quill ; 
the whole plumage is 
remarkably compact, 
the contour feathers 
having after-shafts ; 
there are twelve tail feathers; the spinal feather- 
tract is well defined by bare lateral areas on the 
neck, and forked on the upper part of the back; and 
the oil-gland is tufted. In their down-clad and active 
young these birds resemble plovers, but the down is of 
a more complex type. 

The first toe is raised above the level of the others, 
with which it is not connected by membrane, and the 
nasal apertures in the skull are of the long schizorhinal 
type, while the external nostrils are elongated, and 
placed rather low down on the sides of the base of 
the beak. In the general structure of the palate, as 
well as in the presence of a process on the outer side 
of the humerus, or upper wing-bone, gulls resemble 
plovers. Karely, if ever, exceeding three in number, 
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the eggs are spotted or scrolled with dark markings 
on a light-coloured ground. 

Gregarious and noisy in their habits, gulls and 
terns are chiefly frequenters of the coasts, although 
many of them may be found on inland waters, while 
all may be driven inland by stress of weather. 
Even in England gulls may be seen following the 
plough in search of worms, and in parts of Argentina, 
at a distance of some two hundred miles from the 
sea, they appear to dwell permanently inland, nest- 
ing in the lagunas. In Britain, while some species 
breed on coast cliffs, others nest on islands and inland 
lakes, grassy downs, and peat mosses. 

All the members of the group are birds of power- 
ful and sustained flight, and capable of floating in 
the air with scarce a 
movement of their 
wings, while they are 
equally at home on the 
surface of the water, 
where their webbed feet 
enable them to swim 
with facility. Terns 
are, Owe viel, | ml Ole 
essentially aerial and 
aquatic birds than gulls, 
their short legs not being 
well adapted for walk- 
ing on land. In the 
neighbourhood of the 
sea the food of all these 
birds consists mainly of 
fish: ‘and. refuse; Jbut 
when inland they con- 
sume worms, insects, 
the eggs and young of 
other birds, and offal. 

Although the group 
as a whole has a cosmo- 
politan distribution, it 
is noteworthy that in 
the great area lying between South America and the 
neighbourhood of Australia and New Zealand not a 
single gull 1s to be met with, although terns are 
abundant. Along the southern shores of Austraha, 
and also in New Zealand, a large, dark-mantled 
gull (Larus pacificus) makes its appearance as an 
isolated form. Geologically, the group is an old.one, 
remains of an extinct genus (Halcyornts) occurring in 
the London Clay, a formation belonging to the Eocene, 
ot lowest, division of the Tertiary period ; while other 
forms, which have been assigned to the existing genus 
Larus, occur in beds pertaining to the lower portion 
of the Miocene period. The order may be divided 
into two families, the first of which is again split up 
into three subfamilies. 
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CLASSIFICATION OF GAVI4E MENTIONED IN THIS WORK 


ORDER 
Gulls—Gavie 
FAMILY 1 
Terns, Skimmers, and Gulls—Laridz 
GENUS 1 
Marsh-terns—Hydrochelidon 

SPECIES 
BIRCK LEM. rau Salelsh ers Hydrochelidon nigra 
White-whiskered tern ............ H. hybrida 
White-winged black tern. ....... H. leucoptera 

GENUS 2 

Typical Terns—Steraa 


SPECIES 
SR GRU eet etarers. « arete Bates ereyo aay Sterna fluviatilis 
Oriental black-bellied tern ....8. melanogaster 
AT OUIC ELT rear ers ine Sales) Ce ree 5S. macrura 
ROSE DATUM cpr: sya tevare a atioccta ei nas fc S. dougalli 
SAMA WICD GELDING i. 5) sarsisaie oe 06 eea's S. cantiaca 
OOD THOR a Nes ace chat Sra wie o Ais 8. fuliginosa 
JRERSERIOOLD fo eee a ahsl hatsisrard.6 eatsie « 5S. minuta 
BEORG=EEd TEIN Gs ccc eae ces S. eurygnatha 

GENUS 3 

Noddies—Anous 

SPECIES 

BRELOSTAOCOLY, V2.01n aievaieta"aln/elasies'a ad Anous stolidus 


GENUS 4 Great black-backed gull .......... L, marinus 
Skimmers—Rhynchops Southern black-backed gull ..L. dominicanus 
SPECIES Greater white-winged gull.......... L. glaucus 
IBIS RMN YELL: vices avebre eruare Rhynchops nigra North Pacific glaucous gull .... L. glaucescens 
Yellow-beaked skimmer.......... R. albicollis Teoland: Gul Mis oe ie pets L. leucopterus 
GENUS 5 Bonaparte’ s Wall occ ocsy oe ss L. philadelphia 
Fork-tailed Gulls—Xema GENUS 8 
SPECIES Kittiwakes—Rissa 
Sabine saull x wi. su. cne ie ae ton Xema sabinei SPECIES ; ; 
Galapagos fork-tailed gull........X. furcatum The kKithiwake ~...« ise. etsune Rissa tridactyla 
QBPNUS 6 North Pacifie kittiwake........ R. brevirostris 
Ro3s’s Gull—Rhodostethia GENUS 9 
SPECIES Pagophila 
FEGSS SGU ia s vaiesrace e sveslers Rhodostethia rossi SPECIES 
GENUS 7 Tvomy gull. ficccs tardsswss Pagophila eburnea 
Typical Gulls-—Larus 
SPECIES FAMILY 2 
TACDIS BO Fa) wise ye versie ace iayenacte Larus minutus Skuas—Stercorariids 
Black-headed gull.............. L. ridibundus GENUS 
Mediterranean black-headed gull ..L. melano- Typical Skuas—Stercorarius 
cephalus SPECIES 
LPs fedrebs og tt em eee EA eT Ses L. atricilla South American skua .., .Stercorarius chilensis 
Great black-headed gull........ L. ichthyaétus Great skua .................. 9, catarphactes 
COMMGMBU! x6 sic cs:s a's ae Malar sia L. canus Long-tailed SKUS bisccnsecece ss S. parasiticus 
PLGLE MGW. stale cave eanke.s L. argentatus Veriminck’s skua ss) <0 06 se on S. pomatorhinus 
Lesser black-backed gull...........- L. fuscus Richardson's SkW8 02. cbc os 0 S. crepidatus 


TERNS, SKIMMERS, AND GULLS 


NCLUDING the three groups terns, skimmers, and gulls, 
each of which represents a subfamily, the present 
family (Lavid@) is characterised as follows. The beak 
has no cere at its base; there are two notches on 
each side of the hind margin of the breast-bone ; the 
toes may be either partially or fully webbed; and 
the claws are feeble or of moderate length. 


MARSH-TERNS 

The terns, of which eleven genera are here recog- 
nised, constitute a subfamily (Steyning) characterised 
by the straight and rather slender beak, in which the 
two halves are of nearly equal length, by the feather- 
tracts resembling those of the plovers in their arrange- 
ment, and by the slight or distinct forking of the 
tail. In Britain the group is represented by two 
genera, and it is to these that attention is here mainly 
confined. The marsh-terns form a genus (Hydro- 
chelidon) represented by four species, three of which 
are British. Belonging to a group of genera in which 
the tail may be either nearly square or deeply forked, 
and the head devoid of elongated plumes at the 
gape of the mouth, marsh-terns are specially distin- 
guished by the rounded or slightiy pointed tail 
feathers, the short tail, which is less than half the 
length of the wing, the small beak, with the culmen 
less than twice the length of the metatarsus, and 
the ieeble feet, in which the webs are considerably 
indented between the toes. All these terns nest 
in marshes, either on tussocks of grass or among 
floating vegetation. 

The best known of the 
British species is the black 
tern (H. nigra), in which 
the under parts in the 
adult summer plumage are 
dark leaden grey, the upper 
tail coverts and tail being 
grey, the beak black, the 
chin and sides of the face 
like the under parts, the 
crown nearly black, and 
the under wing coverts pale 
grey. On the other hand, 
the white-whiskered tern 
(H. hybrida), which is but 
an occasional straggler to 
Britain from the south, has’ 
the beak blood-red, the chin 


and sides of the face pure white, the throat and breast 
grey, passing into a blackish grey on the abdomen, 
and the under wing coverts white. Abundant in 
Southern Europe, this tern ranges over a large part 
of Africa and most of Asia. 

The beautiful white-winged black tern (H.leucoptera), 
which is likewise a rare visitor to the British Isles, 
differs from both the preceding in that the upper 
tail coverts and tail are white in the adult summer 
plumage, the under parts being black as far as the 
vent, and the under wing coverts of the same hue, 
while the beak is dull red. Kare in Northern 
Europe, this species is more common in the south 
and east, whence its range extends over the greater 
portion of Europe. Mr. H. Saunders writes that “ the 


black tern breeds in colonies, the nest being situated 
in marshes, and formed of decayed pieces of equisetum 
and other plants, or heaps of wrack, which rise and 
sometimes they are placed on 
bog in the 


fall with the tide; 


the firmer hummocks of middle of 
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THE TERN 


shallow parts. The eggs are three in mumber, of 
various shades of ochreous clay, olive brown, or 
olive green, blotched with dark brown, especially 
at the larger end. The food of this tern consists 
chiefly of beetles and dragon-flies, with some small 


fish; it is also very partial to leeches.” 


TYPICAL, TERNS 


The true terns, of which the common tern (Sterna 
fluviatilis) is the typical form, differ from the marsh- 
terns and their allies by the distinctly pointed 
outer tail feathers ; and they are further characterised 
by the shortness of the metatarsus, the moderately 
elongated tail, and the compressed and slender beak. 
With two exceptions, these terns have the crown of 
the head black; while, as a rule, the under parts 
are white or grey, although in the eastern  black- 
bellied tern (S. melanogaster) they are black. The 
common species, as well as the Arctic (S. macrura), 
roseate (S. dougalli), and Sandwich tern (S. cantiaca), 
are large-sized birds belonging to a group of the genus 
in which the forehead is black to the culmen of the 
beak; whereas the sooty tern (S. fuliginosa) is the 
representative of another group in which the front of 
the forehead is white in the adult plumage. 

From all the above the lesser tern (S. minuta), together 
with several other species, may be distinguished by 
its inferior dimensions, the length of the wing being 
less than 8 inches, whereas in the other groups it 
varies from 93 to 12 inches. The broad-billed tern 
(S. eurygnatha) is an inhabitant of the Atlantic coast 
of America, from South Brazil to the island of Trinidad, 
and is represented by a closely allied species on the 
Pacific coast of the New World. 

There is a prevalent idea that shore-nesting birds 
make no nest, but lay their eggs indiscriminately 
among the shingle. This, however, is a complete 
misconception, so far at least as the lesser tern is 
concerned. As a matter of fact, this bird excavates 
a conical pit in the sand about two inches deep. 
Immediately round the “crater’’ a narrow zone of 
sand is cleared from shingle; and, when completed 
and containing its full clutch of two or three eggs, 
the deepest part of the nest is filled with broken shells, 
into which the eggs are wedged with their points 
downwards. As the eggs are disproportionately large 
in relation to the bird, it is manifest that the position 
in which they are placed renders them most easily 
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covered by the brooding bird. It has been assumed 
that the “crater ’’ is excavated by the female pressing 
down the sand in the manner that sparrows dust 
themselves by the roadside, but Mr. Patten, who 
has recorded these observations, is of opinion that 
the work is done with the beak. 


NODDIES 

As an essentially tropical genus of the subfamily, 
brief mention must be made of the noddies, typically 
represented by Anous stolidus. These birds belong to a 
group of the subfamily differing from the one 
including the two last genera by the gradu- 
ated tail, in which the feathers are pointed, 
and the outermost shorter than the next 
pair. As a genus, noddies are characterised 
by the short middle toe, the strong 
decurved beak, and by the fourth pair of 
tail feathers, counting from the outer side, 
exceeding all the others in length. The 
common noddy appears to be generally 
distributed throughout the tropics, one of 
its best-known breeding haunts being the 
Tortuga Islands, off Florida, where it nests 
in immense colonies. Its general colour is 
dark; but, like the allied species, it has a light 
grey patch on the crown of the head and forehead. 


SKIMMERS 

The remarkable birds known as skimmers, or scissor- 
bills, constitute a subfamily (Rhynchopine)  dis- 
tinguished not only from the terns (which they otherwise 
resemble), but likewise from all other birds, by the 
peculiar structure of the beak, which is elongated and 
compressed to a knife-like form, with the lower half 
considerably longer than the upper one ; the latter being 
freely movable. The single genus of the subfamily is 
represented by three speciss, of which the black skimmer 
(Rhynchops nigra), distinguished by its dark beak, is 
North American, while the yellow-beaked skimme1 
(Fe. albicollis) is Indian, the third species inhabiting 
the Nile and Red Sea littoral. The American species 


has been observed flying close to the water, with the 


lower half of the beak immersed beneath the surface, 
doubtless searching for food. 


FORK-TAILED GULLS 
The gulls- proper, as distinguished from the other 
members of the order, form the third subfamily 


Eek S . = 


SKIMMER 
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BLACK-HEADED GULLS 

(Larine) of the typical family; the great majority of 
them belonging to the genus Larus, although the kitti- 
wake and an allied species from the North Pacific are 
separated as Rissa, while Sabine’s gull and a kindred 
but very rare species from the Galapagos Islands 
constitute the genus Xema ; and Ross’s gull (Rhodo- 
stethia vossi) and the ivory gull (Pagophila eburnea) 
respectively represent distinct generic types. 

As a subfamily, gulls are characterised by the upper 
half of the beak being longer than the lower one, over 
which its tip is bent down; while the tail is usually 
squared, although in one genus forked, and in a second 
wedge-shaped. Some of the smaller gulls, like so many 
of the terns, assume a dark head 
and neck in the summer plumage. 

Sabine’s gull (Xema sabinet), together 
with the Galapagos fork-tailed gull (X. 
furcatum), may be at once distin- 
guished by the forking of the tail—a 
character in which these species agree 
with the great majority of terns, as 
they also do in the assumption of a 
dark head during the breeding season. 
Not a very uncommon straggler— 
especially in the immature state—to 
the British Isles, Sabine’s gull breeds 
in Arctic America and Siberia, generally 
in company with the Arctic tern; two 
eggs being laid by the female on the 
bare ground. Of the second and larger 
species little is known, only a few 
examples having found their way 
into European collections. 


ROSS’S GULL 

As the forked tail serves to distin- 
guish the members of the last 
genus, so the single representative 
of the genus Fhodostethia is equally 
well demarcated by the wedge-like 
contour of the same appendage. It 
is likewise characterised by its small 
dove-like beak; while the delicate 
pink hue of its plumage is also a strik- = 
ing feature, although one shared by : 
some other members of the subfamily. 


HARMSWORTH NATURAL 


HISTORY 


Formerly rare in collections, this gull (R. ross?) 
has more recently been obtained abundantly 
off Point Barron; but its true Polar haunts 
appear to be as yet undiscovered, although 
it has been seen in summer in Boothia 
Felix and Franz-Josef Land. 


TYPICAL GULLS 

Represented by nearly half a hundred 
species, the typical gulls of the genus Larus 
differ from both the preceding by the squared 
tail, and are further characterised by the 
full development of the first, or hind, toe. 
4 The genus includes both the largest and the 
smallest representatives of the subfamily ; 
and while some species assume a dark head 
in the breeding season, others lose all trace 
of dark tints in this region when adult. 


LITTLE GULL 

The smallest of the dark-headed species 
visiting the British Isles is the little gull 
(L. minutus), easily recognised by its diminu- 
f tive size, and, Wken in flight, by the slaty 
f black under surface’ of the wings. A 
straggler to Southern Norway, this gull is 
common in the Mediterranean countries, 
ranging eastwards to the Caucasus, and 
thence northwards across Siberia to the Lena. Nesting 
in colonies in the vicinity of Lake Ladoga, together 
with the common tern, the female generally lays 
three or four eggs, which may be distinguished from 
those of the former by the orange red, instead of 
yellow, colour of their yolks. 


BLACK-HEADED GULLS 
Whereas the species just mentioned is only a very 
occasional visitor, the black-headed gull (L. rzdibundus) 
is a common denizen of the British coasts, showing an 
especial partiality for flat shores during winter, but in 
spring seeking marshes for the purpose of breeding. 


LAUGHING GULLS 


HERRING-GULL 


In this species the head and upper part of the neck are 
dark brown, and the beak is lake red in the summer 
dress; but in the Mediterranean black-headed gull 
(L. melanocephalus) the head is jet-black, and the beak 
coral-red, with a dark band in front of the angle, 
while the primary quills, in fully adult examples, are 
white, instead of parti-coloured. 

In America the group is represented by the laughing 
gull (L. atricilla), distinguished from the British species 
by its larger dimensions, and characterised by having 
the first three outer primaries black, with minute white 
tips. The largest member of the group is the great 
black-headed gull (L. ichihyaétus), ranging eastwards 
from the Levant to China, and northwards to Mongolia. 
In length the male may measure as much as 27 inches 
(against 16 inches in the black-headed gull) ; and in the 
breeding plumage the adult has the head and upper 
part of the neck jet-black, the beak orange red, passing 
into red at the angle of the lower half, and the first 
primary mainly white, with a black streak along the 
outer web; while on the second, third, and fourth 
quills of the same series the black forms a bar, followed 
by a broad white tip (page 1351). 

COMMON GULL 

The somewhat misnamed common gull (L. canus) is 
the first of a group of mostly large species, characterised 
by the pure white head and neck in the summer 
plumage of the adult. Measuring 18 inches in length, 
the adult in summer has the head and neck pure white, 
the back grey, the primaries mostly black, with white 
spots or tips, the beak yellow at the tip and greenish 
yellow at the base, and the total number of flight- 
feathers thirty-one. Breeding throughout Northern 
Europe and Asia, the common gull is now only a winter 
visitor to England, although it still nests in Ireland and 
Scotland. Its nests may be either scattered singly 
along the shore or aggregated into larger or smaller 
colonies. On the two sides of North America this gull 
is severally represented by an allied species. 

HERRING-GULL 

Another British species demanding notice is the 

herring-gull (L. argentatus), which considerably exceeds 


GULLS ON THE THAMES EMBANKMENT IN WINTER 


the last in size, measuring upwards of 23 inches in 
length. In the adult summer plumage the head is 
white, the mantle pale pearl-grey, the beak wholly 
yellow, a ring round the eye yellow, and the legs flesh- 
coloured; and there are thirty-four flight- feathers 
(page 1352). The range of this species includes Northern 
Europe, the islands of the Atlantic, such as the Azores, 
where it breeds, and North America. In winter it visits 
the north of Africa. 

Of this species in America, where it is often called 
the harbour-gull, Miss M.O. Wright observes that “ the 
eggs are very interesting, because no two are of the same 
colour, being of every shade of blue and grey, from the 
colour of summer sky and sand to the tint of the many- 
coloured, water-soaked rocks themselves. The mark- 
ings vary also in shape and size, and are in every 
shade of brown, through lilac and purple, to black. 
The parents are very devoted to their nests, and take 
turns in sitting. When the young are first hatched, 
though covered with down, they are very weak in the 
leg and helpless ; but in the course of a few hours the 
little gulls are strong enough to walk, and the instinct 
to hide at the approach of anything strange comes to 
them very suddenly, so that a gull only three or four 
hours old will slip out of the nest, and either hide 
beneath a few grass-blades or flatten itself in the sand, 
where, owing to its spotted, colour-protective down, it 
is almost invisible, so well does Nature care for her 
children—provided that man does not interfere. When 
a gull nests in a tree, however, the little birds, not 
feeling the same necessity for hiding, do not try to 
leave the nest until the growth of their wings will 
let them fly.” 

In Southern Europe, as well as in Siberia and various 
parts of America, the herring-gull is replaced by 
several very closely allied birds, mainly distinguished 
by the darker or lighter hue of the mantle, the 
pattern of the quill-feathers, and the colour of the 
legs and of the ring round the eye. Herring-gulls 
are in the habit of following the shoals of the fish 
from which they take their name, and may often 
be seen hovering above the fry, preparatory to 
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taking a plunge among them in the water. Their 
chief food consists, however, of various marine animals 
thrown up by the tide; although during the spring, 
and after rough weather, they frequently wander 
far inland. 

BLACK-BACKED: GULLS 

Somewhat superior in size to the common gull (its 
length being about 21 inches), the lesser black-backed 
gull (L. fuscus) in the adult summer plumage has the 
head white, the primaries blackish with white tips, the 
back blackish, and the legs bright yellow. This species 
is resident in Britain, and ranges eastwards to the 
Caspian, while southwards it extends into Africa, and 
westwards to the Canaries. 

Of the great black-backed gull (L. marinus), which 
is larger than all the preceding, a well-known naturalist, 
who writes under the nom-de-plume of “ A Son of the 
Marshes,”’ observes that these birds ‘‘ are not particular 
as to the nature of their 
food, so long as there is 
enough of. it; a rat or 
a bird, a fish or a snail, 
or bread and milk will 
suit them equally well. 
Tradition said that in the 
early days of’ our oldest 
inhabitants the great 
black-backed gull bred 
on some of the wild 
flats of the Kentish coast 
and in a_ portion of 
the lonely salt marshes of 
Essex.” 

In attacking young 
lambs, these gulls invari- 
ably begin by _ pecking 
out the eyes of, their 
victims; and so many 
as nine of these marauders 
have been captured dur- 
ing a single evening by 
setting a number of 
traps round a dead lamb. 
In length this gull meas- 
ures upwards of 28 inches; 
and in the adult breeding 
plumage the head is 
white, the back blackish, 
and the legs flesh colour ; 
the number of flight 
feathers being thirty-four. 
Essentially an oceanic 
species, the great black- 
backed gull is mainly an inhabitant of both sides of 
the North Atlantic, although it has been procured 
on the Pacific side of North America, and in winter 
it ranges so far south as the Canaries. In the 
Southern Hemisphere it is replaced by the southern 
black-backed gull (L. dominicanus), characterised by 
its stout beak, brownish black mantle, and _ olive- 
coloured legs. 

GLAUCOUS GULL 

Largest of all the British species, the greater 
white-winged, or “glaucous,” gull (L. hyperboreus, 
or glaucus), in which the males may measure fully 
32 inches, is readily distinguished — by the adult 
summer plumage being nearly white throughout, 
as well as by the comparative shortness of the 
wings and feet. 

Essentially an Old World Arctic bird, this gull 
only wanders in winter to temperate and tropical 
Europe; but in the North Pacific it is represented 
by the allied L. glaucescens, ranging from America 


KITTIWAKES 


to Kamchatka, and distinguished by the faint grey 
mottlings on the wings. 

Another occasional wanderer to the British Isles 
from the North is the Iceland gull (L. leucopterus), which 
may be distinguished from the last by its length not 
exceeding 22 inches, and likewise by the proportionately 
much longer wings and legs. Bonaparte’s gull (L. 
philadelphia), a small species with a greyish black 
head and upper neck, is remarkable for its habit of 
breeding in tall trees. 


KITTIWAKES 


Represented only by the common circumpolar 
kittiwake (Rissa tridactyla) and an allied North Pacific 
species (I. brevivostris) from the region lying between 
Alaska and Kamchatka, these gulls are distinguished 
by the shortness of the metatarsus and the absence 
or rudimentary condition of the first, or hind, toe. It 
’ is not a little curious 
that while in most dis- 
tricts examples of the 
common kittiwake in 
which the latter toe 
persists are but rarely 
met with, in Bering Sea 
this condition is much 
more common. Measur- 
ing I5 inches in length, 
the kittiwake, in the 
summer plumage of the 
adult, has the upper parts 
white and grey, the tail 
white, the first to the 
fifth primaries tipped with 
black, the under parts 
white, the beak yellow, 
and the legs brownish 
black. 

The kittiwake is a 
resident in the _ British 
Isles, where it breeds in 
numbers of rocky cliffs, 
and feeds chiefly on sur- 
face-swimming fry of 
fishes and marine inverte- 
brates. The nests, which 
are usually placed close 
together on narrow ledges 
of rock, are built of 
seaweed, and _ cenerally 
contain three eggs. The 
NESTING Pacific species, which 

exhibits a similar varia- 
tion with regard to the first toe, may be distinguished 
by its orange-red legs. 


IVORY GULL 


Conspicuous on account of its uniform delicate white 
plumage, faintly suffused with a rosy tint, in marked 
contrast to which stand out the jet-black legs and 
greenish yellow beak, the lovely ivory gull (Pagophila 
ebuynea) alone represents a genus characterised by the 
shortness of the beak, the long and slightly graduated 
tail, and the connection of the first toe (of which the 
claw is unusually long) with the metatarsus by means of 
a distinct web. A circumpolar inhabitant of the Arctic 
seas, this gull wanders into temperate regions during 
the winter; its breeding places being in Spitzbergen 
and other regions in the Far North. In contrast to the 
snowy white of the adult, the young of the ivory gull 
are conspicuously spotted with black. This is, perhaps, 
the most exquisitely beautiful member of a beautiful 
group of birds. 
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LOSELY allied to the gulls, the skuas form a family 
(Stercorariide) by themselves, characterised by the 
following features. The beak has a cere at the base, 
and the tip of its upper half is hooked, the breast-bone 
has a single notch on each side, the blind appendages 
(ceca) of the intestine are larger than in the preceding 
family, and the completely webbed toes are furnished 
with strong, sharp, hooked claws. 

Represented by seven species, the skuas may all be 
included in a_ single ; 
genus; and while four | Hipeter a 
of them breed only in 
the colder regions of 
the Northern Hemi- 
sphere, there are three 
southern species, one of 
which (Stevcovarius chil- 
ensis) is found on the 
western coast of South 
America so far as the 
Straits of Magellan, and 


thence northwards to 
Rio de Janeiro, the 
other ranging from 


Tierra del Fuego to 
the Cape, New Zealand, 
and the Indian Ocean. 
In the last edition of 
Mette lSs Bir tt1sih) 
Birds ”’ it is stated that 
“the skuas may be 
considered as forming a 
conspicuous portion of 
the predaceous division 
among the swimming 
birds, as indicated by their powerful and hooked beak 
and claws. Their food is fish, but they devour also the 
smaller water-birds and their eggs, the flesh of whales, 
as well as other carrion, and are observed to tear their 
prey in pieces while holding it under their crooked 
talons. They rarely take the trouble to fish for 
themselves, but, watching the smaller gulls and terns 
while thus employed, they no sooner observe one 


to have been successful than they immediately 
give chase, pursuing it with fury; and having 
obliged it from fright to disgorge the recently 


swallowed fish they descend to catch it, being fre- 
quently so rapid and certain in their movements 


RICHARDSON’S SKUA 


TEMMINCK’S SKUA 


and aim as to scize their prize before it reaches the 
water.” 

Of the two members of the group breeding within 
the limits of the British Isles, the largest is the great 
skua (S. catarrhactes), its only resort within those 
limits being the Shetlands. 

Measuring about 24 inches in length, the ¢reat 
skua has the two middle tail feathers less than an inch 
longer than the others, and may be further distinguished 
_, by the white bases to 
| the flight feathers ; the 
general colour being dark 
brown. Itnestsinahole 
of about a foot in dia- 
meter, laying one or two 
eggs on a lining of moss 
and heather. It is to 
this species that the three 
southern birds alluded 
to above are allied. 

Taking the other 
species in their order of 
size, the long-tailed skua 
(S. parasiticus), which 
measures 22 inches in 
length, has the two cen- 
tral tail feathers about 9 
inches longer than the 
rest. Essentially an 
Arctic species, this bird 
is but a very occasional 
visitor to the British 
Isles. Temminck’s, or the 
“pomatorhine,’ skua 
(S. pomatorhinus), on 
the other hand, is a regular winter visitor to the last- 
named area, and may be distinguished by the two middle 
tail feathers being twisted upwards and exceeding the 
others in length by 4 inches, the total length of the bird 
being 2t inches. Lastly, we have Richardson’s skua (S. 
crepidatus), measuring an inch less than the last, and 
distinguished by the two middle tail feathers being 
only 3 inches longer than the others. Circumpolar and 
subarctic in its breeding range, this species is much 
more abundant in Britain than either of the others, 
nesting not only in the Hebrides, Orkneys, and Shet- 
lands, but likewise on the mainland in the counties of 
Caithness and Sutherland. R. LyDEKKER 


i 


GREAT SKUA 


From photographs by Mr. A. J. R. Roberts 
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ALCAL 


GENERAL CHARACTERISTICS OF THE AUK TRIBE 


LTHOUGH at one time grouped with the divers and 
grebes, to which they approximate in the backward 
position of the legs the auks (order Alca) are now 
regarded as relatives of the plover and gull tribes, with 
which they are sometimes brigaded under the title of 
Charadriiformes. In the circumstance that the verte- 
bre of the back articulate by means of cup-and-ball 
joints, as well as in the characters of the skull, these 


birds are indeed essentially gull-like, although they 
differ by the absence of a process to the lower end of 
the humerus, as well as in the upward prolongation 
of the crest of the tibia. The latter feature is, however, 
probably merely an adaptation for the purpose of 
increasing the swimming and diving powers of these 
birds. The members of the order here mentioned are 


the following : . 


ORDER Pigeon-guillemot !......3..5.%. U. columba Krnob-billed auK vas cowealnes . 8. pusillus 
Auk Tribe—Alcze GENUS 3 Parrot-auk renee tees eeeenes S. psittaculus 
FAMILY Short-beaked Guillemots—Brachyrhamphus GENUS 6 
Auks—Alcidse SPECIES Cerorayncha 
_ GENUS 1 Marbled guillemot..Brachyrhamphus marmo- SPECIES 
Typical Auks—Alca Tatus Rhinoceros-auk ....Cerorhyncha monocerata 
: SPECIES Black-throated guillemot ........ B. antiquus Peel ares Ie 
RRS fy DUNC testers wraietete acc verse crass Alea impennis GENUS 4 GENUS 7 
ReRPOE DUN sorercle sie ota ds es crtiria es A. torda Little Auk—Alle Puffins—Fratercula 
GENUS 2. SPECIES SPECIES 
Guillemots —Uria PANG URE Coosa wae er Manca sreteloner ae Alle nigricans Arctic Pai 9 i dodewaess Fratercula arctica 
Guillemot SPECIES Utia troll GENUS 5 Horned PMH 72 3.ade0 cau F. corniculata 
Pallas’s guillemot 272220222202222. "0 varea Pacific Pigmy Auks—Simorhynchus Whisttered puttin “20000000000, F. cirrhata 
Briinnich’s guillemot .......... U. bruennichi SPECIES : GENUS: ¢ 
Black guillemot ote, cide stare iv pines ore U. grylle Ubitgrere RAN Seeeeeacr ane Simorhynchus cristatellus Tufted Pufin—Lunda 


AUKS 


At the members of the group are included in the 

single family A/cid@, and all have heavy and com- 
pact bodies, with the legs placed far back, the plumage 
close and elastic, and the head relatively large. The 
first, or hind, toe is absent or rudimentary, and the 
short metatarsus, which is not laterally compressed, is 
covered with small scales, although generally with a 
row of larger plates in front. In the wing there are 
eleven primaries, and from fifteen to nineteen second- 
aries ; and, except in the great auk (where there are 
eighteen), there are twelve feathers in the short tail, 
which may be either rounded or graduated. The long 
front toes are fully webbed, and furnished with sharp, 
claw-like nails. The beak is subject to great variation, 
_and in some cases is very short, deep, and laterally 
compressed. The oil-gland is tufted. 

Dr. R. W. Shufeldt, after reviewing the various 
arrangements prepared by other writers, considers that 
these birds should form an order, the Alca, which is 
connected, on the one hand, with the plover group 
through the gulls and _ their allies, and, on the other, 
through the petrels, with the penguins, loons, grebes, 
and their extinct toothed ally Hesperornis. 

The members of the order are mainly confined to the 
colder regions of the Northern Hemisphere, where they 
are specially numerous in the North Pacific. The 
breeding range extends in America so far as California 
and Maine, and in. the Old World to Japan and the 
Tagus ; but some of the species wander still farther 
south, although none are denizens of the Southern 
Hemisphere. All the species are inhabitants of the 
shore or the ocean. 


THE GREAT AUK 


The typical members (Alca) of the family are 
characterised by the large size of the compressed beak, 
marked in front by oblique grooves, and feathered at 
its base close up to the slit-like nostrils, which are 
almost concealed by a dense, velvety feathering, com- 
pletely filling the pits in which they are situated. The 
wings are more or less short, and the tail is graduated, 
with its component feathers pointed. i 

On account of its extinction during the nineteenth 


century, as well as from being the largest representative 
of the family, and the only bird in the Northern Hemi- 
sphere incapable of flight, the great auk, or garefowl 
(A. impennis), is a species of great interest. In common 
with many other northern sea-birds, it was formerly 
known as the penguin—a name now transferred to 
the well-known birds of the Southern Hemisphere ; 
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A PAIR OF YOUNG RAZORBILLS 


and in size may be roughly compared to a goose, its 
total length being about 32 inches. It is especially 
characterised by the rudimentary condition of the 
wings, which, owing to the reduction in the length of 
the ulna and bones of the digits, were quite useless in 
flight ; while it is further distinguished by the beak 
being equal in Jength to the head, and furnished with 
numerous grooves on its lower as well as on its upper 
half. In colour the plumage of the head, neck, and back 
is black, but the under parts, as well as a characteristic 
spot in front of the eye, are white. As already men- 
tioned, the tail is peculiar in carrying sixteen feathers. 

Confined to the North Atlantic, and ranging so far 
north as Iceland on the one side and Greenland on the 
other, the great auk was a migratory species, which 
in winter wandered so far south as the Bay of 
Biscay and the shores of Virginia. Both in Greenland 
and Norway it appears to have been always rare ; and 
its chief or only breeding places were three rocky 
islands near Iceland, known as the Garefow] Skerries, 
or Geirfuglasker, and Funk Island off the Newfoundland 
~ coast. By the subsidence in the spring of 1830 of one of 
these islets, which, as being the most inaccessible, was 
the favourite breeding place, the birds 
were driven to one nearer the shore, 
where they were more easily ap- 
proached ; and in the course of the 
next fourteen years the species became 
extinct in Europe, the last pair having 
been killed in the summer of 1844. 

The existence of the garefowl on 
Funk Island was discovered about 
1534, when the birds were so numerous 
as to be reckoned, it is said, by thou- 
sands ; but incessant persecution for 
more than two centuries eventually 
brought about its extermination, which 
probably took place almost contem- 
poraneously with its disappearance 
from Europe. It was customary for 
the crews of several vessels to spend 
the summer on Funk Island for the 
sole purpose of killing garefowl for the 
sake of their feathers. 

Although we have only traditions of 
these expeditions, itisindisputable that 
stone pens were erected into which the 
birds were driven like sheep, that they 
were slain by thousands, and that their 
bodies were left to rot where they lay, 
while for some purpose or other frequent 
and long-continued fires were lighted 


Photo, L. Medland 


~™ on the island. The records of this slaughter are 
still extant in the numbers of garefowl bones to 
be met with in the soil of Funk Island ; such 
relics, together with a few skins, and a number 
of egg-shells, being all that remain to us of the 
finest of the auks. 

That the garefowl was generally a gregarious 
bird, more especially during the breeding season, 
is evident from the foregoing ; but it 1s stated 
that solitary pairs were occasionally found nesting 
with guillemots and razorbills. Although useless 
for flight, the wings were admirably suited as 
paddles ; and the swimming and diving powers 
of the bird were probably unrivalled, its migra- 
tions being more extensive than those of many 
of its relatives which possess the power of flight. 
From the accounts of the natives of Iceland, it 
appears that the garefowl swam with its head 
elevated and the neck retracted, and that, when 
pursued, instead of flapping along the water, 
it immediately dived. 

As in the allied species, the eggs are relatively large 
in proportion to the size of the bird, often measuring just 
over 5 inches in length; and they have also the same 

elongated form, with one end much larger than the other. 
They have a creamy-white ground colour, marked with 
black or brown streaks and blotches, with underlying 
grey patches. 

It is of interest to note in this connection that about 
seveuty-two great auk’s eggs are known to exist, and 
of these fifty-one are, it is believed, in Great Britain. 
A very fine specimen which came into the market 
some years ago realised 315 guineas. 


THE RAZORBILL 


The lesser auk, or razorbill (4. torda), the only other 
representative of the genus, differs from the garefowl 
not only by its greatly inferior size (length about 17 
inches), but likewise by its well-developed wings and 
relatively shorter beak, in which there are only two or 
three grooves on the lower half, and these indistinctly 
marked, as well as by the presence of only twelve tail 
feathers. Lacking the large white spot in front of the 
eye characterising the great auk, the adult razorbill 


GUILLEMOTS 
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in summer has a narrow white line extending from 
the beak to the eye. While in summer the chin and 
throat of the adult are brown, and the head, hind part 
of the neck, and upper parts black, with the under 
parts white, in the winter dress the white extends 
upwards to the throat, chin, and sides of the head, and 
the plumage of the upper parts is browner. 

The razorbill is common to the coasts and islands of 
both sides of the North Atlantic, ranging so far north 
as latitude 70° in Greenland, and in winter reaching 
Gibraltar, whence it wanders a considerable distance 
up the Mediterranean. Resident throughout the year 
in the British seas, it breeds on all suitable rocky coasts, 
from the north of France to the North Cape, generally in 
large colonies. Concerning its breeding habits, it is 
stated in the third edition of ‘‘ Yarrell’s British Birds ” 
that ‘“‘ about the middle or latter part of March in the 
south of England, and early in April in the northern 
portions of our islands, the razorbills, guillemots, and 
puffins converge to particular 
points, where, from the 
numbers that congregate, 
and the bustle apparent 
among them, confusion of 
interests might be expected. 
It will, however, be found 
that, asa rule, the guillemots 
occupy one station or line 
of ledges on the rock; the 
razorbills another; the 
puffinsa third; the kittiwake 
gulls a fourth; whilst the 
most inaccessible crags seem 
to be left for the use of the 
herring-gulls. The  razor- 
bills generally select the 
higher and rougher ledges, 
and they are partial to 
crevices, their eggs being 
sometimes deposited so far 
in, that it is no easy matter 
to get at them; at other times they lay their eggs on the 
broader shelves along with the guillemots, but not so 
closely together.”’ 

‘ GUILLEMOTS 

Closely allied, alike as regards structure, the colour 
and seasonal change of their plumage, and _ habits, 
to razorbills, the guillemots differ by the more slender 
and straighter beak, in which there are no oblique 
transverse grooves, while the upper half is slightly 
curved near the point, and has a small notch on the 
side. The basal nostrils are partially closed by a 
membrane, which is itself partly feathered. There is 
still some degree of uncertainty as to the number of 
species of the typical guillemots, some naturalists recog- 
nising but one, while others admit several (page 1354). 
Whether regarded as species or varieties, all the forms 
are characterised by the white plumage of the under 
parts; this white area in the summer dress stopping 
short at the base of the throat, but in winter extending 
upwards, as in the razorbill, to the throat, chin, and 
sides of the head. 

In the typical form of the common guillemot (Uria 
troile), which inhabits both sides of the North Atlantic, 
the beak is of considerable length, and the head of a 
uniform smoky brown. It is replaced in the Pacific 
by a somewhat larger bird, known as the Californian 
guillemot. Both in the Atiantic and Pacific there are 
also certain guillemots characterised by the presence of 
a white streak extending backwards from the eye, and 
a white ring round the eye itself. Formerly regarded 
as a distinct species, these ringed guillemots are now 
considered to be merely sports. 


LITTLE AUK IN FLIGHT 


Pallas’s guillemot (U. avra), of Bering Sea and the 
North Pacific, is the largest representative of the 
second modification of the group, in which the beak 
is much shorter and deeper than in the preceding, 
while the nape of the neck and back of the head are 
black like the back. A portion of the base of the cutting 
edge of the lower half of the beak is light-coloured. 
Finally, there is the so-called Briinnich’s, or Arctic, 
guillemot (U. bruennichi), of the North Atlantic and 
Arctic Oceans, in which the size is smaller, and the 
whole of the cutting edge of the upper half of the beak 
yellowish white. Briinnich’s guillemot seems, however, 
to be so inseparably connected by the Californian form 
with the common guillemot as to render it doubtful 
if the two are more than local races of a single species. 

Whatever diversity of opinion may obtain as to the 
distinctness of the above-mentioned forms from the 
common guillemot, there can be none as to that of the 
black guillemot (U. grylle), which is referred, indeed, 

by some writers to a separate genus. It is a smaller 

bird than the common guillemot, from which it is at 
once distinguished by the whole of the under parts 
being black in the summer dress; the beak being 
—_ relatively short. 
Typically an in- 
habitant of the 
North Atlantic, it 
is represented in 
the —_circumpolar 
seas by a variety 
distinguished by 
the larger size of 
the conspicuous 
white patch on the 
wings. 

In the North 
Pacific the black 
species is replaced 
by the pigeon- 
guillemot (U. 
columba), character- 
ised by the under surface of the wing being grey, instead 
of smoky white. The typical form of this species 
has a large white wing-patch; but there are two 
varieties (carbo and motzfeldi), severally distinguished 
by the presence or absence of white on the head, 
in which the wing is uniformly black on the outer side. 

All the guillemots are very similar in their mode 
of life, being essentially oceanic birds, which only 
visit the rocks during the breeding season, and are only 
found inland when driven by stress of weather, while 
they are markedly sociable and gregarious. Their 
food consists of fish, supplemented by various crus- 
taceans ; the common species being especially partial 
to the fry of herrings and pilchards, which are captured 
at night in the open sea, Rapid, though heavy and 
laboured in its flight, the common guillemot is enabled 
to reach the summits of almost inaccessible cliffs 
for the purpose of breeding, where, as in the Farne 
Islands and at Flamborough, it congregates in myriads, 
On the ledges of the precipitous cliffs near Bempton, 
Yorkshire—another noted breeding place—the guille- 
mots are sometimes so densely crowded together as 
to remind the spectator of a swarm of bees. 

The breeding season in Britain begins in May and 
lasts till August ; and while the other species agree with 
the rest of the family in laying but a single egg, the 
black guillemot deposits two. The eggs may be laid 
either on the bare ledges of rock or in fissures ; some- 
timesiseveral may be found together, but at other times 
they lie singly. In colouring, guillemots’ eggs are 
remarkable for their extraordinary variability. Accord- 
ing to Mr. H. Seebohm, “ the ground-colours are cream, 
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white, blue, and yellowish green, dark and clear pea- 
green, and reddish and purplish brown, with every 
conceivable intermediate tint. Some are irregularly 
blotched, others are fantastically streaked with browns, 
pinks, or greys in endless variety, whilst a few are spot- 
less or nearly so.” Some closely 
resemble those of the razorbill, from 
which they may always be distinguished 
by appearing creamy white instead of 
green when viewed by transmitted light. 

Recently a writer in the “ Field ”’ 
newspaper stated that while fishing for 
pollack off Mullion Cove, Cornwall, with 
a rod and a phantom-minnow, he felt 
what seemed to be the pull of a good 
fish. Hehad some seventy yards of line 
out, and the bait was spinning ona 
single strand of salmon gut. He reeled up, feeling the 
catch playing well, and, after having to give it line, saw 
the lead appear, and stood by ready with the gaff to add 
another fish to the basket, when up came a guillemot, 
flapping its wings and making 
more fuss than a_ fresh-run 
salmon. The bird must have 
taken the minnow some four 
feet under water, judging from 
the weight of the leads and the 
pace at which the boat was 
sailing. After great difficulty 
the prisoner was freed of the 
flight of hooks, but its journey 
through the water had placed 
it beyond recovery. 


CALIFORNIAN EXTINCT 
AUK 


A single bone of the wing, 
and that imperfect, may 
nowadays seem but poor 
material on which to establish 
a new genus of birds, but Dr. 
HebeAs lucas appears to be 
justified inregardingahumerus | 
from the Miocene of Los ¢ 
Angeles, California, as repre- 
senting a large extinct type of 
flightless auk, for which the 
name Mancalla californiensis 1s 
suggested. It is considered to 
have equalled the great auk i 
in size, but to have been more nearly allied to the 
guillemot. The existence of a flightless member of the 
group at such a comparatively early epoch is remarkable. 


SHORT-BEAKED GUILLEMOTS 

The North Pacific is inhabited by seven 
smaller guillemots, characterised by 
their very short beaks, of which the tip 
is not decurved. Although they have 
been split up into three genera, they may 
all be included in the typical genus 
Brachyrhamphus. Some of the species, 
like the marbled guillemot (B. marmora- 
tus), have the front of the metatarsus 
reticulated, but in others, such as the 
black-throated guillemot (B. antiquus), 
it is covered in front with large plates. 


much 


EpReEeeAUKs 
Breeding solely within the limits of the 
Arctic Circle, the little auk, or rotche (Alle NUBVLCANS) , 
is an Atlantic species, which only visits the British Isles 
in winter, and is even then far more common in the 
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KNOB-BILLED AUKS 


TUFTED AUK 


Orkneys and Shetlands than in the south. It isa very 
small bird, measuring only about 8} inches in length, 
and differing from all the members of the family by the 
shortness of the front union of the two branches of the 
lower half of the beak, in which the angle of the chin is 
— — much nearer to the tip of the beak than 
to the nostrils, instead of the reverse. 
The whole beak is shorter than the 
head, very thick, and broader than high 
at the base ; the profile being arched, 
and the tips of both halves notched, 
while the upper one is faintly grooved. 
The rounded and lateral nostrils are 
placed at the base of the beak and 
partially covered with feathers. 

In colour, the little auk very closely 
resembles the guillemot; the head, 
chin, and throat, as well as the upper parts, being 
mostly black, while the remainder of the lower parts, 
a spot over the eye, the tips of the secondaries, and the 
margins of the scapulars are white. In the winter 
plumage, on the other hand, 
the white area includes the 
throat, chin, and sides of the 
head. 

The little auk ranges in the 
Arctic regions from Novaya 
, Zemlya and Spitzbergen to 
Greenland, migrating south- 
wards in winter as far as New 
Jersey on the one side of the 
Atlantic, and to the Canaries 
on the other. Jn its breeding 
places, where it appears in 
May, it congregates in count- 
less thousands, if not in 
millions. The single bluish 
white egg is laid so deep among 
the loose fragments of rock 
that it can only bereached with 
difficulty, and the young leave 
the breeding places for the open 
sea before they can fly. 

An expert diver and a strong 
swimmer, the rotche feeds 
chiefly on crustaceans and 
marine worms. In spite, how- 
ever, of its oceanic habits, it 
appears to beill-adapted to fight 
against the storms of winter, 
during the prevalence of which it is frequently driven 
far inland. 


Sin a Se —w 


PACIFIC PiIGMY AUKS 

Related to the rotche are a number of small auk-like 
birds from the Northern Pacific, all of which differ 
from that species in having the chin-angle nearer to 
the nostril than to the base of the beak. 
| Among these are the tufted auk (Simo- 

vhynchus cristatellus), remarkable for the 
forwardly-curving tufts of feathers at the 
root of the beak; the knob-billed aulk 
(S. pusillus), taking its name from the 
presence in summer of a knob at the base 
of the beak, which disappears in winter ; 
and the parrot-auk (S. pszttaculus). 


RHINOCEROS-AUK 
Still more remarkable is the rhinoceros- 
auk (Cevorhyncha monocerata), in which 
the compressed and curved beak is longer 
than in the preceding birds, and provided at the base 
with a single horn-like knob above the nostrils, which 
is shed in winter. All these birds have much the same 
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habits as the more typical auks, generally frequenting 
sheltered bays when the weather is rough. The 
rhinoceros-auk breeds so far south as California and 
Northern Japan. 

PUFFINS 

Among the most grotesque of all birds are the puffins, 
or sea-parrots, whose enormous, compressed, and 
brilliantly coloured beaks seem out of all proportion 
to the size of their heads. Represented only by the 
common Arctic puffin (Fyvatercula arctica) in the 
Atlantic, the genus attains a greater development in 
that headquarters of the auk family the Northern 
Pacific, where lives the horned puffin (F. corniculata), 
characterised by the great development of the horny 
process arising from the upper eyelid, and the hand- 
some whiskered puffin (/. citrvrhata), distinguished 
by the pendent crest of feathers at the back of 
the head, and the absence of grooves on the lower half 
of the beak. 

As a group, puffins are: distinguished from all the 
other members of the family by the claw of the second 
toe being considerably longer and more curved than 
the other two, as well as by the presence of a rosette- 


like prominence at the angle of the mouth. They are 
further character- 

ised by the circum- Fee? 

stance that the 


feathers at the base 
of the beak stop 
short of the nostrils, 
and likewise by the 
peculiarity that the 
basal portion of the 
greatly compressed 
beak is furnished 
during the breeding 
season with one or 
more sheath-like, 
deciduous pieces of 


an Orange red 
colour, which are 
shed in winter. 
The much com- 
pressed beak is 
shorter than the 


head, and consider- 
ably deeper than 
long, with the pro- 
file of both halves 
strongly arched, 
and the ridge of the 
upper one forming 
a sharp edge, while 
there are oblique 
transverse grooves 
on one or both 
halves (page 1354). 

The European 
puffin may be com- 
pared in size to a 
teal, the average ore ee = 
length in the 
southern portion of 
its habitat being about 12 inches, although in the 
Arctic regions it attains somewhat larger dimensions, and 
has the beak deeper. 

Resembling the guillemot in general colouring, this 
puffin differs in undergoing no seasonal change of 
plumage, and in the white area occupying the whole 
of the sides of the head; the throat being encircled 
by a dark gorget. The beak has its terminal portion 
carmine red, behind which are bands of slaty grey and 
yellow, with a red one on thelowerhalf. With the annual 
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moult both the sheath of the basal half of the beak and 
the warty red skin at the angle of the mouth are shed. 

In Europe the breeding range of this species extends 
from the North Cape to the mouth of the Tagus, while 
in winter the birds wander so far south as Gibraltar, 
and thence pass up the Mediterranean to the Italian 
coasts. On the opposite side of the Atlantic the winter 
range reaches so far south as New Y ork. 

Essentially oceanic in their habits, puffins are 
eregarious at all seasons, and fly rapidly, somewhat 
after the manner of ducks. Swimming easily, and 
diving with the expertness characteristic of the family, 
they feed chiefly on the fry of fish. The single 
egg is laid either in a burrow in the ground or among 
the deep clefts of rocks. In colour the egg is dull white, 
faintly spotted with grey and brown; and in the 
presence of these markings it forms one of many 
exceptions to the general rule that eggs laid in holes 
are white. 

From this circumstance it has been suggested that 
these birds have only taken to laying in burrows 
comparatively recently ; the faintness of the mark- 
ings of the eggs being perhaps indicative that they 
are in the course of disappearance. 
It may be added 


that the tufted 
puffin is regarded 
by many ornitho- 


logists as typifying 
a genus by itself, 
under the name of 
Lunda. 

Reference has 
been already made 
to a guillemot 
taking a bait; and 
a still more extra- 
ordinary instance 
of the same nature 
is recorded in the 
“Field” news- 
paper. It is there 
stated that, on 
September 25, 1905, 


while trolling for 
bass outside the 
mouth of Water- 
ville River (Ballin- 
skelligs Bay, co. 
Kerry), a gentle- 
man captured a 


puffin, which took 
the bait (a spoon) 
under water, got 
hooked, and was 
safely brought to 
boat. 

On the same 
day his fisherman, 
who was with him 
in the boat, was 
fly-fishing for bass, 
when a puffin took 
the fly and was hauled in. Shortly after, the fisherman 
took another in the same way. It appears that there 
was a big shoal of sprats at the spot, on which many 
puffins were feeding. The fisherman cast his fly, which 
was an ordinary white one, over the shoal of sprats, 
hoping to get bass, when instead he caught these 
puffins. This made three puffins, all captured by rod 
and line from one boat in a comparatively short time— 
a strange, if not unparalleled, occurrence. 

R. LYDEKKER 


PUFFINS 
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TUBINARES 


GENERAL CHARACTERISTICS OF TUBE-NOSED BIRDS 


THe members of this order take their scientific name 
(Tubinares) from the circumstance that the nostrils 
are produced into tubes lying on the surface of the 
beak and directed forwards ; this feature being abso- 
lutely peculiar, and serving at once to distinguish 
them from all other birds. The horny sheathing of 
their beak is composed of several distinct pieces, 
separated from one another by more or less marked 
grooves, and the tip of the beak is sharply hooked. In 
the skull the palate is of the slit (schizognathous) type ; 
while its nasal apertures 
are oval, or holorhinal, 
and the hind angle of the 
lower half of the beak is 
abruptly truncated behind. 
As in so many sea-birds, 
the upper aspect of the 
skull has very deep 
grooves, which, however, 
are always separated from 
one another on the fore- 
head by a wide bar. 
shes vertebre— ot —the 
back are articulated with 
one another by the usual 
saddle-shaped surfaces. 
In the wings, which are 
generally of great length, 
the humerus resembles the 
corresponding bone of the 
gulls in having a well- 
marked process on the 
outer side of its lowcr extremity, although the 
perforations in the basal bone of the second digit 
of the wing characterising that order are wanting. 


the “tibia, or- leg bone, differs from “that of all 
the birds hitherto considered, except the auks, 


in having a compressed plate-like crest projecting 
upwards on its front aspect some distance above the 
level of the head of the bone. The feet are characterised 
by the small size or even occasional absence of the first 
toe, and the three front toes are completely webbed. 
In the plumage there is a well-defined bare tract on 
each side of the neck, and the oil-gland is furnished with 
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a tuft of feathers. The young, which are born in a 
helpless condition, and fed for a considerable period 
in the nest by the parents, are clothed with down, 
arranged in a somewhat complex manner. 

In habits, all the petrel tribe are marine and car- 
nivorous, subsisting entirely on either carrion, cuttle- 
fish, or crustaceans, together with such refuse as they 
can pick up. They are all birds of sustained and 


powerful flight, and, with the exception of the members 
genus, 


are swimmers rather than 
divers. In appearance 
several of them, more 
especially the fulmars, 
present a marked simi- 
larity to the gulls; the 
plumage in this instance 
being of the grey-and- 
white hue distinctive of 
that group. This re- 
semblance must, how- 
ever, be regarded as a 
purely adaptive one, 
brought about by the 
needs of a similar mode 
of. existence, there be- 


of one aberrant 


ing little structural 
affinity between the 
members of the two 


groups. Generally the 
members of the petrel 
tribe have a more or 
less dusky-hued  plum- 
age, and they mostly differ from the chattering 
and screaming gulls by their comparatively silent 
habits. 

Although found in the seas of all parts of the world, 
the group is represeated by the greatest number of 
species in the Southern Hemisphere, which may 
consequently be regarded as its headquarters. Very 
little is known of the group’s geological history, although 
a species of shearwater has been stated to occur in the 
lower Miocene strata of France; the same beds also 
yielding remains of an extinct genus (Hydrornis), 
tentatively assigned to this order. 


CLASSIFICATION OF TUBINARES MENTIONED IN THIS WORK 


ORDER GENUS 5 SPECIES 
Tube-nosed Birds—Tubinares Majaqueus Dove -pebrely Quien. ore. clive euesctele's Prion desolatus 
FAMILY 1 SPECIES Broad-billed bliie petrel .......... P. vittatus 
Albatrosses—Diomedeidze Cape hen............Majaqueus equinoctialis GENUS 11 
GENUS Spectacled petrel............ M. conspicillatus Storm-Petrels—Procellaria 
Albatrosses—Diomedea GENUS 6 SPECIES 
SPECIES Shearwaters—Pufiinus Storm-petrel ....Procellaria pelagica 
Wandering albatross ...... Diomedea exulans SPECIES s 12 
Sooty albatross ...........-..-- D. fuliginosa — Ashy shearwater .............- Puftinus kulii Halocyptena 
Yellow-billed albatross ...... D. chlororhyncha Great shearwater ........ecccccecce P. gravis ~ SPECIES 


Manx shearwater 
FAMILY 2 
Typical Petrels—Procellariidze 


ereteter ethos ei P. obscurus 
Bisteietabolorarvocrs P. griseus 


Dusky shearwater ... 
Sooty shearwater...... 


Wedge-tailed petrel .. Halocyptena microsoma 
GENUS 13 
Fork-tailed Petrels-—Oceanodroma 


P. anglorum 


GENUS 1 Whitton= bindery wrestle clase P, brevicauda ; SPECIES 
Ossifraga GENUS 7 Leach’s petrel...... Oceanodroma leucorrhca 
Za SPECIES ; Qsirelata Pacific fork-tailed petiel .......... O. furcata 
Giant petrel ... case ol wee Ossifraga gigantea aenGine FLOTMDYASiPeUre lee. ti.; cc, kyerseeneteretetote O. hornbyi 
anes Capped petrel ...... toes . Estrelata hesitata eas 
SPECIES GENUS 8 SPECIES 
MTGE Tareas ate etcvata ety yee Fulmarus glacialis Bulweria WWWISOD-SuDELRC Lia wrete vieterstere Oceanites oceanicus 
GENUS 3 ; SPECIES Reet ; GENUS 15 
Thalassoica Bulwer'spetrel. ee asta. es. 5p4' Bulweria bulweri Cymodroma 
SPECIES GENUS 9 SPECIES 
Silver-grey petrel ....Thalassoica glacialoides Daption White-bellied petrel...... Cymodroma grallaria 
GENUS 4 SPECIES ; GENUS 16 
Pagodroma CAD EAE UNS renee che eels cetaliere ets Daption capensis Diving Petrels—Pelecanoides 
SPECIES GENUS 10 SPECIES 
SHOM Ve DeCbLeliven vs.cprere viele cues Pagodroma nivea Dove-Petrels—Prion Magellanic diving petrel , Pelecanoides urinatrix 
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HE albatrosses (family Diomedeide) are distinguished 
by their tubular nostrils being placed on the 
two sides of the beak, and widely separated from one 
another by the large median portion of its horny sheath. 
They are further characterised by the extreme length 
and narrowness of the wing, in which both the humerus 
and the ulna are greatly elongated ; and also by the 
large number of quills in the wing, which may vary 
from thirty-nine to fifty, or more than in any other 
birds. In the foot the first toe is wanting; and the 
skull is characterised by the absence of basipterygoid 
processes on the rostrum of its inferior surface 

All the albatrosses (which may be included in the 
single genus Diomedea) are of large size, and mainly 
frequent the southern tropical and subtropical seas, 
although one species ranges on the Pacific Coast of 
America so far north as Alaska. The occurrence of 
remains of a fossil albatross in the Pliocene deposits ot 
the east coast of England is noteworthy. 

By far the most familiar representative of the genus 
is the white, or wandering, albatross (D. exu/ans), which 
belongs to a group characterised by the absence of a 
groove in the horny sheath of the sides of the lower 
half of the beak, and also by the length of the wing 
being equal to three or four times that of the short and 
rounded tail. The span of wing varies from Io to 12 feet, 
but the average weight of the bird is only some 17 pounds. 

The prevailing colour of the plumage is yellowish 
white, with the quills dusky, and, except in very 
old birds, the region of the back and the larger 
wing coverts are irregularly barred with blackish. The 
beak and feet are whitish. Although the true home of 
this species is 1n the South Seas, its wanderings occa- 
sionally extend to the north of the Equator (p. 1353). 

The smaller sooty albatross (D. fuliginosa), of the 


ALBATROSSES NESTING 


southern oceans generally and the Pacific, alone 
represents a second section of the genus, in which the 
horny sheath of the sides of the lower half of the beak is 
marked by a longitudinal groove, while the wing is only 
about twice the length of the graduated tail. In the 
adult the plumage of the neck, back, and upper parts 
is dark ashy grey, becoming lighter on the neck and 
fore part of the back, where the tips of the feathers are 
nearly white; the wings and tail are dark slaty; the 
beak, with the exception of the grooves, is black: 
and the legs and feet are pale reddish. In all the species 
the young, after passing the white downy stage, are 
more or less sooty in colour; so that in coloration 
the sooty albatross 1s one of the least specialised forms. 

The name albatross, it may be observed, is a corrup- 
tion of the Spanish word albatraz, meaning a gannet ; 
and was applied to these birds by the old voyagers, 
in conformity with that propensity to designate newly 
discovered creatures by familiar titles which is so 
characteristic of the uneducated. All these birds are 
strictly oceanic in their haBits, rarely visiting the land 
except for the purpose of breeding, and then selecting 
remote islands, like Tristan da Cunha, or even isolated 
rocks. 

Much has been written in regard to the flight of the 
wandering albatross, but these birds are by no means 
beautiful objects when seen following in the wake of a 
vessel, as the long and narrow wings seem out of pro- 
portion to the body, while five out of every six birds 
observed are in the brown immature plumage, and 
look dirty and draggled. After referring to the mar- 


vellous powers of flight of the species just mentioned, 
Mr. J. Gould observes, that although during calm or 
moderate weather this splendid bird ‘‘ sometimes rests 
on the surface of the water, it is almost constantly 
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on the wing—and is equally at ease while passing over 
the glassy surface during the stillest calm or flying 
with meteor-like swiftness before the most furious 
gale ; and the manner in which it just tops the raging 
billows and sweeps between the gulfy waves has a hun- 
dred times called forth my wonder and admiration. 
Although a vessel running before the wind frequently 
sails more than two hundred miles in the twenty-four 
hours, and that for days together, still the albatross 
has not the slightest difficulty 
in keeping up with the ship, 
but also performs circles of 
many miles in extent, return- 
ing again to hunt up the wake 
of the vessel for any substances 
thrown overboard.” 

Professor Moseley states that 
these birds make the utmost 
use of the momentum acquired 
by a few powerfulstrokes of the 
wings, taking all possible advan- 
tage of the wind, and progress- 
ing largely by a gliding move- 
ment. Still, however, he adds, 
they seem to move their wings 
more frequently than is gene- 
rally supposed. “ They often 
have the appearance of soaring 
for long periods after a ship 
without flapping their wings 
at all, but if they be closely 
watched very short. but ex- 
tremely quick motions of the 
wings may be detected. The 
appearance is rather as if the 
body of the bird dropped a very 
short distance and rose again. 
The movements cannot be seen 
at all unless the bird is exactly on a level with the eye.”’ 

During the breeding season, when the light-coloured 
species are in the full beauty of their white plumage, 
albatrosses resort in large numbers to oceanic islands 
and rocks. In Tristan da Cunha both the wandering 
albatross and the smaller yellow-billed albatross (D. 
chlororhyncha) are found in numbers during the breeding 
season; the latter being easily distinguished by its 
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WANDERING 


yellow gape and ihe broad yellow stripe on the tip of 
the otherwise black beak. Commonly known to the 
sailors as “‘ mollymauks,”’ the yellow-billed albatrosses, 
according to Professor Moseley, “take up their abode 
in separate pairs anywhere about in the rookery, or 
under the trees, where there are no penguins. They 
make a cylindrical nest of tufts of grass, clay, and 
sedge, which stands up from the ground. The nest is 
neat and round, there is a shallow concavity on the top 
for the bird to sit on, and the 
edge overhangs somewhat, the 
old birds undermining it during 
incubation by pecking away 
the turf of which it is made.” 

The nest may be as much as 
14 inches in diameter, by 10 in 
height; and at the proper 
season it contains a_ single 
white egg, somewhat larger 
than that of a goose. During 
incubation the egg is held ina 
kind of pouch, so that the bird 
has to be driven quite off the 
nest before it can be ascer- 
tained whether or not an egg 
is present. In all cases the 
sitting birds allow themselves 
to be approached without 
making the least movement. 

The wandering albatross 
builds a larger and more 
conical nest than the molly- 
mauk, and its egg is about 
five inches in length, or about 
equal in size to that of a swan. 
At its larger end the egg has 
some specks of red, but is other- 
wise white. The males stand 
or sit near their brooding partners; and when the 
latter are approached, they display their displeasure by 
savagely snapping their beaks at the intruder. 

Laysan Island, in the Pacific, is a great breeding 
place for albatrosses; and the egg-harvest forms an 
important industry, the eggs being carried away in 
carts to a collecting station, where they are broken up 
for the sake of the oil they yield. 
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TYPICAL 


Alt the members of the family Proceliaviide ditier 

from the albatrosses by the nasal tubes being laid 
side by side upon the top of the beak. Generally the 
wings are long, but the number of quills does not 


exceed thirty-nine, and is usually about thirty, 
although occasionally reduced to tw enty. The hind 
toe, although sometimes minute, is generally present 


and there are usually basipterygoid processes on the 


rostrum of the inferior aspect of the skull. 


GIANT PETREL 

Next in point of size to the albatrosses is the giant 
petrel (Ossifraga gigantea), the sole member of its genus, 
distinguished from the other representa- 
tives of the family by the length of the 
beak exceeding that of the metatarsus. 
The beak is very stout, and has the 
nasal tubes of great length, and its outer 
sheath so produced as to reach beyond 
the proper apertures of the nostrils, thus 
giving the appearance of a single nostril. 
The tail i is characterised by the presence 
of sixteen feathers. In general appear- 
ance and size this bird is not unlike 
some of the smaller dark-coloured 
albatrosses, its total length being about 
32 inches, and the span of the wing 
66 inches. 

Although pale-hued individuals are 
far from uncommon, the general colour 
of the plumage is typically dull slaty 
brown, becoming paler on the face, 
throat, and under parts, some of the 
feathers of the upper parts being tinged 
with chocolate, while those of the back, 
as well as the wing coverts, have paler 
greyish margins. The beak is yellowish 
horn- colour; and the legs and feet are 
greyish black. 

Commonly known to 
name of nelly, break-bones, or stinker, 
the giant petrel is widely distributed 
over “the temperate and high southern 


sailors by the 


latitudes, occasionally wandering to a 
considerable distance north of the 
Equator, and in power of flight is 


fully equal to the albatrosses. In 


habits it differs considerably from the latter, subsisting 
chiefly on the blubber and flesh of dead seals and 


whales, as well as the bodies of other birds. Professor 
Moseley, who compares it in these respects to a 
vulture, writes that on Kerguelen Island this petrel 
“soars all day along the coast on the look-out for 
food.. No sooner is an animal killed than numbers 
appear as if by magic, and the birds are evidently 
well acquainted with the usual proceedings of the 
sealers—who kill the sea-elephant, take off the skin 
and blubber, and leave the carcase. They settled 
down here all round in groups at a short distance, a 
dozen or so together, to wait, and began fighting 
amongst themselves, as if to settle which was to have 
Est. bite,” 

When gorged, they are quite unable to fly; and, 
like other “members of the family, if disturbed they have 
an unpleasant habit of disgorging an ill-smelling oily 


fluid. These birds breed on Kerguelen and Prince 
Edward’s Island, where they lay a single dirty 
white egg in a natural hollow of the ground, The 
newly hatched young are covered with long, grey 


down, and later on the nestlings, when approached, 
are stated to squirt from their nostrils an oily fluid 
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to a distance of six or eight feet, 
remaining a short distance away. 
FULMAR 


In the Arctic regions and other parts of the Northern 
Hemisphere, the place of the giant petrel is taken by 


the old birds 


the gull-like fulmar (Fulmarus glacialis), which is 
likewise the only well-defined representative of its 
genus. Of much smaller size than the giant petrel, 


the fulmar differs by the beak being inferior in length 
to the metatarsus, and the proportionately shorter and 
stouter nasal tubes, in which the partition between the 
two nostrils extends to within a short distance of the 
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PETREL 
orifice ; the tail feathers, are either twelve 
or fourteen in number. 

The fulmar measures about 19 inches in length, and 
displays great variation as regards colour. In the 
typical form, however, the head and neck are white, 
most of the upper parts, as well as the tail feathers, 
pearl-grey, the primaries slaty grey, and the breast and 
under parts white. The eye is dark brown, the beak 
yellow at the tip, with yellowish white sides, and a 
greenish tinge at the base above, while the legs and 


moreover, 


feet are pale grey. A grey phase is also commonly 
met with, in which the head and neck, as well as the 


greater portion of both the upper and under parts, are 
ashy brown, with the back and wings somewhat darker 
than the rest. 

The fulmar breeds in the boreal regions of both 
hemispheres, but some naturalists consider that in the 
North Pacific and Bering Sea it is replaced by two 
distinct species. In autumn and winter the fulmar is 
a by no means uncommon, although probably in- 
voluntary, visitor to the southern shores of Britain, and 
has been recorded so far south as the Mediterranean. 

In habits the fulmar is very like its larger cousin, 
nesting in hollows in the ground, instead of in deep 
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SHEARWATERS 


burrows like the shearwaters, and feeding largely on 
whale-blubber and refuse. Mr. Scoresby writes that 
these petrels “ are remarkably easy and swift on the 
wing, flying to windward in the highest storms, and 
resting on ‘the water in great composure in the most 
tremendous seas; but it is observed that in heavy 
gales they fly extremely low, generally skimming along 
the surface of the water. They are 
extremely greedy of the fat of the whale, 
and though few should be seen when a 
whale is about to be captured, yet as 
soon as the flensing process begins they 
rush in from all quarters, and frequently 
accumulate to many thousands. They 
then occupy the greasy track of the 
ship, and, being ‘audaciously greedy, 
fearlessly advance within a few yards 
of the men employed in cutting up 
the whale.”’ 

Highly gregarious during the breeding 
season, fulmars then collect on the turfy 
ledges of the St. Kilda cliffs in thousands. 
The single white egg is laid either in a 
slight nest of dried grass or on the bare 
ground ; and although the birds some- 
times excavate a hollow of a few inches 
deep in the turf, they as often nest 
on its surface. 

Nearly allied to the fulmar is: the 
silver-grey petrel (Thalassoica glacia- 
loides) of the Pacific and Southern 
Atlantic, distinguished by its more 
slender beak, in which the nasal tubes 
are shorter and more depressed, with 
their upper border concave. This 
species extends neariy s) far south 
as the Antarctic pack-ice, where it is replaced by the 
snowy petrel (Pagodvoma nivea), a pure white species 
of the size of a pigeon, with a short and weak bill. The 
“Capehen” (Majaqueus equinoctialis) and the spectacled 
petrel (17. conspicillatus) are larger southern species, of 
the size of the fulmar, with blackish brown plumage. 


MANX SHEARWATER 


The beak is longer than in the latter, with shorter 
nasal tubes, of which the two apertures look directly 
forwards. While the Cape hen is wholly blackish 
brown, the spectacled petrel has characteristic white 
bands across the head and throat. 
SHEARWATERS 

Nearly cosmopolitan in their 


distribution, the 


numerous group of medium-sized dark-coloured petrels 
known as shearwaters (Puffinus) are characterised by 
the length and slenderness of their beaks, in which 
the short and depressed nasal tubes open by two 
separate orifices, generally directed obliquely upwards. 


The wings are long and pointed, with the first 
quill the longest; the graduated tail consists of 
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twelve feathers, and the first toe is rudimentary. 
Shearwaters may be divided into two groups, according 
as to whether the under parts are white or are dusky 
like the back. Among the better-known representatives 
of the former group may be mentioned the ashy 
shearwater (P. kuhli) of the Mediterranean, Western 
Europe, and the East Atlantic, 
characterised by its stout beak, 
circular nostrils, and brownish grey 
upper plumage. 

, The great shearwater (P. gravis) 
of the Atlantic Ocean generally, 
which measures 18 inches in length, 
and is an occasional autumn visitor 
| to the British Isles, is a member of 
the same group, distinguished by its 
' more slender beak, in which the 
' nostrils form longitudinal ovals; the 
general colour of the upper parts 
being sooty greyish brown, with paler 

_| tips to the feathers of the back. 
The commonest British represent- 
; ative of the group is the smaller Manx 
; Shearwater (P. anglorum), which 
“ measures only 14 inches in length, 
and has a uniformly blackish upper 
“a plumage, without pale tips to any 
ae of the feathers; it frequents the 
whole of the North Atlantic, although 
more abundant on the eastern than 
on the western side. Another species of this group is 
the dusky shearwater (P. obscurus), which is smallet 
than the last, with a more slender beak, and a deeper 
black to the upper plumage. Common to both the 
Atlantic and Pacific Oceans, this species has been 
obtained from such widely remote regions as the 

Bahamas, the Galapagos Islands, and New Zealand, 
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The sooty shearwater (P. griseus), which is selected 
as an example of the second group, may attain a length 
of 18 inches, and is of a uniform dusky tint above and 
slightly paler beneath, its range being nearly or quite 
as extensive as that of the preceding species, and 
stragglers occasionally reaching the British Isles. 

In Australia and New Zealand certain kinds of shear- 
water (especially P. brevicauda), locally known as 
“ mutton-birds,’’ form an important commercial asset. 
On Barren Island, in Bass Strait, a colony of some 400 
half-castes depended during many years on the mutton- 
birds for their living; and it is estimated that some 
1,500,000 of these birds are killed annually on this 
one island alone. After being boiled and salted, the 
bodies of the birds are sold for about tos. per hundred, 
and the oil fetches from about ‘od. to 1s. 3d. per gallon, 
while a further sum is realised from the sale of the fat 
and feathers. Those who have eaten mutton-bird speak 
favourably of it as an article of diet, and the large 
demand has led to such an increase in the output as to 
mduce the fear that the slaughter is committed on too 
large a scale. 

Recently, owing to the lucrative nature of the trade, 
white people have come to reside on the island, and 
are reported to kill two-thirds of the birds taken, much 
to the dissatisfaction of the half-castes. It has, however, 
been urged that the latter should be allowed to hold 
plots of land, and be permitted to prohibit sheep- 
farming or cattle-ranching on the island. For wherever 
sheep or cattle go, 
there the mutton- 
birds will disappear ; 
and vevern 4i= the 
sheep or cattle are 
confined to certain 
areas, some would 
be sure to escape, 
and soon cause the 
birds to vacate 
their haunts. The 
mutton-bird indus- 
try 1s far more pro- 
fitable than either 
sheep - farming or 
cattle-ranching. 


CAPPED PETREL 


Allied to the 
shearwaters is the 
genus (CEstvelata, as 
represented by the 
capped petrel (. 
hesitata) and certain 
other species. It is 
characterised by the 
great compression 
of the rather short 
beak, in which the 
terminal curved 
“nail ” is of very large size, and the short and 
very prominent nasal tubes. The long and pointed 
wings extend, when folded, considerably beyond the 
graduated tail, and the hind toe is small and elevated. 
This species inhabits the warmer parts of the Atlantic, 
straying occasionally to England and France. While 
the forehead, the sides of the head, the neck, the upper 
tail coverts, and the base of the tail are white, the crown 
of the head has an isolated black cap, and the upper 
parts are bistre-brown ; the whole length being 16 inches. 


BULWER’S PETREL 


The uniformly blackish brown Bulwer’s petrel 
(Bulweria bulwert) is a much smaller bird of some 


CAPE PETREL 


104 inches in length, and is one of the two repre- 
sentatives of its genus. It is more slenderly formed 
and longer-tailed than the last, and frequents the Atlantic 
in the neighbourhood of the Canaries and Madeira, 
where it lays in holes or under the shelter of rocks. 


CAPES PETREE 

From its superficial-resemblance to a dark-coloured 
pigeon, the bird properly known as the Cape petrel 
(Daption capensis) is commonly designated in the 
colony the Cape pigeon. It represents a genus distin- 
guished from those last mentioned by the presence of 
fourteen tail feathers ; and is further characterised by the 
beak being broad and depressed, except at its tip, where 
the nail is small, and occupies less than a third of the 
total length. The nasal tubes are depressed and con- 
cave, and separated by a considerable interval from the 
terminal nail. In the leg the metatarsus is shorter 
than the third toe, although much longer than the beak. 
This bird is of medium size, and easily recognised by 
the sooty head and neck, the mingled dusky and white 
plumage of the upper parts, and the immaculate white 
of that below. E te 

The Cape, or, as it is often called, pintado, petrel is 
an inhabitant of the South Atlantic and South Pacific 
Oceans, occasionally straggling northwards of the 
Equator. Inthe Antarctic seas these birds are frequently 
met with in vast numbers; and an observer, who accom- 
panied a whaling expedition in the winter of 1892-93, 
= writes that so eager 
’ were they for any 
scraps thrown over 
the ship’s side that 
any number of them 
could have been 
caught with small 
hand-nets only large 
enough to contain 
one at a time, and 
many of them were 
thus captured by 
thecrew. Instormy 
iweather they not 
infrequently come 
» Close to land. 

When gracefully 
hovering in the air, 
the bird may be 
seen to make a 
sudden dart down- 
wards to the water, 
in order to secure 
some floating mor- 
sel of food it has 
espied, and on such 
occasions will dive 
readily. It is also 
said to throw up its 
; tailafter the manner 
of a duck, and thus to fish up bits of food from slight 
depths. When caught and placed on deck, it has to runa 
short distance with outstretched wings before being able 
to rise; and when first hauled in or handled, invariably 
ejects from its mouth or nostrils a reddish oily fluid. 
These petrels breed on Tristan da Cunha and Heard 
Island, and probably also on some of the Antarctic 
islands ; on Heard Island their nests are made in 
holes in low basaltic cliffs. 


DOVE-PETRELS 


The dove-petrels (Prion) are much smaller birds, 
represented by numerous species in the southern seas, and 
typically characterised by the great breadth of the base 
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of their beaks. One of the best known is the common 
dove-petrel (P. desolatus), which is a small grey species 
with a broad boat-like beak, furnished with fine horny 
lamelle projecting inwards from each side. It flies like 
a swallow, and may be seen in flocks about a ship, or 
cruising over the sea, or attendant on a whale to pick 
up the droppings from its mouth. Hence it is termed 
by sealers the whale-bird. Its food, like that of all 
petrels except the carrion ones, seems to consist of the 
very abundant surface animals of the south seas, 
especially of small crustaceans. It breeds on Kerguelen, 
laying its single white egg 
in a burrow which may be 
as much as a vard and a 
half in depth. The broad- 
billed blue petrel (P. vitta- 
tus) is another representa- 
tive of this genus. 
STORM-PETRELS 

The tiny storm-petrel 
(Procellaria pelagica)—the 
smallest of British web- 
footed birds—is the first 
representative of several 
genera of petrels readily 
distinguished from all the 
foregoing by their diminu- 
tive proportions; the 
length of the wing not 
reaching 7 inches. 

The storm-petrels are 
characterised as a genus 
by their very small size, 
by the even or rounded 
tail. by the length of the 
metatarsus being approxi- 
mately equal to that of 
the middle toe with its 
claw, and by the presence 
of a white patch on the 
rump. The whole length 
of the true storm-petrel—the “‘ Mother Carey’s chicken ”’ 
of the sailors—is rather less than 6 inches ; the general 
colour of the plumage being sooty black (page 1354). 

This petrel is confined to the more northerly portions 
of the Atlantic, and, except during the prevalence of 
severe storms and in the breeding season, is but seldom 
seen in the neighbourhood of land. Essentially a child 
of the ocean, it is frequently met with far out at sea, 
where it will follow vessels for considerable distances. 

The breeding places of the storm-petrel include 
the Atlantic coasts of Europe and portions of the 
shores of the Mediterranean; but the bird is not known 
to nest on any part of America. The single white 
egg is deposited in a burrow of considerable length ; 
and in the island of Soa it is stated that the burrows 
of several pairs often diverge from a common vestibule. 

The small wedge-tailed petrel (Halocy ptena microsoma), 
of the coast of Lower California, is the sole representative 
of a genus distinguished from the above by the tail being 
much rounded, the metatarsus exceeding the length of the 
third toe, and by the absence of any white on the rump. 

Leach’s petrel (Oceanodroma leucorrhoa) belongs to 
an allied genus, comprising several somewhat larger 
species readily characterised by the deeply forked tail, 
_ in which the feathers have very broad tips, while there 
may or may not be a white rump-patch. The species 
named has a very wide distribution, being common to 
the Atlantic and Pacific. Other species, such as the 
Pacific fork-tailed petrel (0. furcata) and Hornby’s 
petrel (O. hornbyt), of the North Pacific, differ by the 
feathers of the forked tail being scalloped at the end; 
there-is no white patch on the rump, and the plumage 
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is either uniform bluish ashy or grey, with the forchead, 
cheeks, a collar on the throat, and the under parts white. 


WILSON’S PETREL 

The preceding members of the family collectively 
constitute a subfamily (Procellartine) characterised by 
the presence of at least thirteen secondary quills, by 
the metatarsus being covered with small hexagonal 
plates, by the sharp and curved claws, and by the 
leg-bones being shorter than the wing. On the other 
hand, the small Wilson’s petrel, together with some allied 
species, forms a second 
subfamily  (Oceanitine), 
distinguished by the pre- 
sence of only ten second- 


aries, by the metatarsus 
being either booted or 
covered in front with 


large oblique plates, by 
the flat and broad claws, 
and by the leg-bones 
exceeding the wings in 
length. In all the group 
the aperture of the straight 
nasal tubes is single and 
circular. 

Wilson’s petrel (Ocean- 
ites oceanicus), which is 
somewhat larger than the 
storm-petrel, inhabits the 
Atlantic Ocean and Aus- 
tralian seas; but the other 
members of the group are 
exclusively southern. The 
general colour is dusky. 
with the quills and tail 
feathers black. As _ re- 
gards their muscles, these 
petrels are highly special- 
ised, and, in the boot-like 
plates covering the meta- 
tarsus, differ from all other water-birds. 

The white-bellied petrel (Cymodroma, or Fregetta, 
grallaria), of the tropical seas, has an even tail, and the 
metatarsus about twice the length of the third toe, 
exclusive of the claw. The plumage is parti-coloured. 


DIVING PETRELS 


Like the albatrosses, all the petrels hitherto mentioned 
are essentially flying and swimming birds, which dive 
but little: There is, however, a remarkable aberrant 
petrel (Pelecanoides urinatyix) inhabiting the Straits of 
Magellan which, together with a second species from 
the southern Indian Ocean, and a third of western 
South America, differs from the other members of the 
order in its short wings and diving habits, and is 
further distinguished by the nasal tubes being vertical 
and opening superiorly; the first toe being absent. 

This bird, which many naturalists regard as the 
representative of a distinct family (Pelecanoidide), 
is, indeed, in habits and appearance so like an auk 
that, when seen from a distance, either on the wing 
or diving and swimming, it would undoubtedly be 
mistaken for one of these birds. Nevertheless, both 
in structure and plumage, it is essentially a petrel; and 
its auk-like appearance and habits must accordingly be 
regarded as special modifications for a peculiar mode 
of life. These birds may be seen in calm weather in 
Royal Sound floating in immense numbers on the water, 
the flocks sometimes extending cover acres. They dive 
with extreme rapidity, and, when disturbed, rise and 
flutter a short distance along the surface, after which 
they again drop and dive. R. LyDEKKER 
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PENGUINS 


A PPROXIMATING to the divers and grebes (to which 

they also present certain resemblances in the 
structure of their soft internal parts), in the backward 
position of their short legs, and their upright posture 
when on land, the penguins (order Impennes) of the 
Southern Hemisphere differ from all other members of 
the class in two important structural features. In the 
first place, the wings, of which the quills are rudi- 
mentary, are transformed into paddles ; and, in the 
second, the short metatarsus is of great width, with its 
three constituent longitudinal elements incompletely 
fused together, and separated from one another by small 
perforations. Consequently, these birds can scarcely be 
said to have a true cannon-bone. As regards their 
skulls, penguins agree with the other birds treated in 
this section in having the palate of the cleft (schizogna- 
thous) type, and there are also hollows on the forehead 
for the reception of glands. 

The feathers are provided with after-shafts, the 
spinal feather tract is not defined on the neck, and 
the oil-gland is tufted. The young, although born 
covered with down, are at first helpless, and require 
to be tended for a long period in the nest. Reference 


has already been made to the rudimentary condition 


of the wing quills, and there are no functional tail 
feathers. It is very noteworthy that the rudimentary 
ecale-like feathers with which the wings are covered 
are more numerous than the quills and wing coverts of 
any other birds. 

As additional characters of the skeleton, it may be 
mentioned that the blade-bone, or scapula, is remark- 
able for its great breadth, while the bones of the wings 
are flattened ; the humerus, which has no process on 
the outer side of its lower extremity, being very short. 
Most, if not all, of these peculiarities must, however, be 
regarded as the result of adaptation to an abnormal] 
mode of life. In habits penguins are marine and 
carnivorous. 

The general appearance of these birds is so well- 
known that it will be unnecessary to dilate on this 
point. It may be mentigned, however, that the beak 
is more or less elongated and straight, with its sides 
compressed and grooved, and its tip sharply pointed ; 
the slit-like nostrils being situated within the lateral 
grooves. The sheath of the upper half of the beak is 
composed of from three to five more or less distinct 
pieces. The three front toes are of moderate length 
and completely webbed; while the first toe is very 
small, and united to the sides of the 
metatarsus. 

It is quite possible that penguins have 
some affinity to divers and grebes, and, 
if so, it will be evident that the peculiar 
structure of the metatarsus is a degraded 
and not an original feature. Remains 
of a very large penguin have been 
obtained in New Zealand from strata of 
Eocene age, thus showing the antiquity 
of the group. The members of the 
order mentioned in this work may be 
arranged as follows: 


FAMILY 
Penguins—Spheniscidsas 
GENUS 1 
Aptenodytes 
2 : SPECIES 
King DEAS osc eee wees Aptenodytes pennanti 
REM PALOL PON. <. 1.con ee Se eee A. forsteri 
GENUS 2 
Pygoscelis 
: SPECIES 
Goensu penn? 3. . sacsceeuete Pygoscelis taeniata 
Adélie-land penguin ........ ccc cc eee P. adelie 
GENUS 3 
Crested Penguins—Eudyptes 
: SPECIES 
Rock-hopper SAD Sach NTS Eudyptes chrysocoma 
Yellow-crested penguin ......., E. pachyrhynchus 
GENUs 4 i 
Eudyptula 
: SPECIES 
Blea Weng sn ob sl bcos ccenas Eudyptula minor 
GENUS 5 
Spheniscus 
SPECIES 
Black-footed penguin. ....... Spheniscus demersus 
Humboldt’s penguin .........006.. S. humboldti 
JACKASS PONBUN Sic. one cv ee ce S. magellanicus 


As already mentioned, penguins, of 


which there are about seventeen 
different species, are confined to the 
Southern Hemisphere. In the case of 
most of the more northern species the 
range does not extend north of the 


southern tropic, but certain species 


inhabiting the Galapagos group are 


BLACK-FOOTED PENGUINS 


= practically on the Equator. From the 
tropic the range extends at least as far 
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PENGUINS 


as the 80th parallel of south latitude. 
Penguins are thus found not only on 
the Antarctic ice, but in South Africa, | 
South America, Australia, and New 
Zealand, as wellias many of the 
smaller islands of the southern oceans, 
more especially the Falklands, Ker- 
guelen, and Tristan da Cunha. 
Although the whole of the penguins 
are included in the single family 
Spheniscide, they are now generally 
divided into five genera, of which the 
leading characters may be _ briefly 
noticed. : 
The largest members of the whole 
group are the king penguin (4 pteno- 
dytes pennanti), of Marion Island, 
Kerguelen Land, and other districts 
in the southern ocean, and the still 
larger emperor penguin (A. forster?) 
of the Antarctic pack-ice. In addi- 
tion to their large size, these species 
are characterised by the great length 
and slenderness of the beak, which is 
slightly arched, and the absence of 
any crest on the head. In the first 
of the two the colour of the head, 
neck, and throat is brownish black, 
the region behind the ear having a 
pear-shaped patch of yellow, con- 


the neck, and meeting on the upper 
part of the breast; the upper parts are 
iron-grey, and the under surface is 
glistening white, faintly tinged with 
yellow. In the emperor penguin the 
yellow area is limited to a small 
patch behind the eye. Specimens of 
this species stand just under 3% feet 
in height, and a large example may 
weigh as much as go pounds. 

Closely allied to these is the gentu 
penguin (Pygoscelis teniata), of Ker- 
guelen Island and the Falklands—a 
species inferior in size only to the 
king penguin, and commonly known 
as the “ Johnny.” Devoid of a crest, 
this penguin is distinguished from the 
preceding by the long and pointed 
red beak being stouter and more - 
feathered. In colour the plumage of the back is dark 
blackish and that of the under parts white ; the dark 
of the back being continued on to the head, the 
summit of which is marked by a conspicuous white 
patch. A second member of the same genus is the 
Adélie-land penguin (P. adelie), of which vast colonies 
occur in the Antarctic at Cape Adair. 

The crested penguins, as represented by the ‘ rock- 
hopper” (Eudyptes chrysocoma) of the Falkland 
Islands, the yellow-crested penguin (E. pachyrhynchus) 
of New Zealand and the Antarctic, and several others 
belong to a third genus, characterised by the smaller 
size of its members, the short, deep, and compressed 
beak, in which the upper half has a distinctive oval 
form, and the presence of a pair of yellow crests on the 
sides of the head, continued forwards as streaks above 
the eyes to the neighbourhood of the base of the beak. 
In the rock-hopper these crests are much elongated, 
attaining a length of from 3 to 5 inches, but in the 
New Zealand species are shorter, never exceeding a 
couple of inches in length. The total length attained 
by the latter species is 27 inches. 

Nearly allied is the little blue penguin (Eudyptula 
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1, rock-hopper; 2, little blue penguin; 3, thick-billed penguin; 4, yellow-crested penguin; 5, young 


king penguin; 6, adult king penguin 


minor), of Southern Australia and New Zealand, which 
does not measure more than 19 inches in length, and 
has no yellow streaks or crests on the head; the 
general colour of the plumage of the upper parts being 
light blue, with a median black line down each feather, 
and the under parts dazzling white. Fossil remains 
of both these genera occur in the superficial deposits of 
New Zealand. 

The remaining penguins are included in the genus 
Spheniscus, of which the black-footed penguin (S. 
demersus), of South Africa, Humboldt’s penguin (S. 
humboldti), of western South America, and the jackass 
penguin (S. magellanicus), of the Falkland Islands, are 
well-known examples. In all these species the beak 
is straight and moderately short, but very wide and 
deep, with the tip of the upper half slightly hooked, and 
that of the lower half truncated. There are no crests 
and the metatarsus is relatively long. 

In the adult of the black-footed penguin the general 
colour of the plumage is bluish grey above, and white 
below ; a band the colour of the back extending (as in 
Humboldt’s penguin) from the front of each thigh up 
the sides to form an arch on the front of the neck, 
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while the white of the throat is continued upwards on 
the sides of the neck to form a line through the eye. 
The total length is about 26 inches. In young birds a 
broad blackish band occupies the whole of ihe front 
of the lower part of the throat, and joins directly with 
the dark area of the back, and there is no white line 
through the eye. Humboldt’s penguin has the white 
line running just above the eye, and no white area 
below the same. 

Penguins are some of the most strange and bizarre of 
all birds, alike as regards personal appearance and 
habits. On land they present a most curious ap- 
pearance, both when strutting about with their padded 
feet over the snow, or when gliding on their breasts 
down a slope toboggan- fashion. When a visitor lands 
upon the Antarctic ice, the emperor penguins approach 
fearlessly with their curious duck- like cries, a pro- 
ceeding which too often leads to their destruction. 
Their tenacity of life is, however, marvellous, exceeding 
even that of the prov erbial cat ; one observer stating 
that he has known an emperor penguin to live after 
its skull had been hopelessly smashed. All the species 
are gregarious, frequently assembling in tens of 
thousands, and when on the land during the breeding 
season are in the habit of ranging themselv es in long 
lines on the ledges of the rocks or ice, thus simulating 
the appearance of soldiers when seen from a distance. 

The food of penguins consists exclusively of fish, 
which the birds capture beneath the surface by. their 
agility in swimming and diving, when the paddle- 
like wings are used as the chief instruments of pro- 
gression. So thoroughly, indeed, are they at home 
in the water that they are apt to be taken for dolphins 
rather than birds, as is testified by Professor Moseley, 
who states that on first approaching the shore of 
Kerguelen Island he was astonished at seeing what 


appeared to be a shoal of small porpoises or dolphins. 
‘“T could not imagine,”’ he writes, ““ what the things 
could be, unless they were indeed some marvellously 
small cetaceans ; they showed black above and white 
beneath, and came along in a shoal of fifty or more, 
from seawards towards the shore at a rapid pace, by 
a series of successive leaps out of the water, and 
splashes into it again, describing short curves in the 
air, taking headers out of the water and headers into 
it again; splash, splash, went this marvellous shoal 
of animals, till they went splash through the surf on 
to the black stony beach, and there “strug ggled and 
jumped up amongst the boulders and revealed them- 
selves as wet and dripping penguins, for such they 
Were.” 

On landing, the penguins always make for certain 
well-defined tracks le ading up to the “ rookeries,” as 
their places of assembly are called, and where they not 
infrequently collect in thousands, these main tracks 
ipa te out into a number of pape paths when 
they reach the rookery. The nest of the rock-hopper 
is east a shallow depression in the black soil, which 
may or may not be lined “ith a few stalks of dry grass. 
In this are deposited two greenish white eggs, about 
the size of those of a duck, in the incubation of which 
both male and female birds take their share. The 
black-footed species deposits, however, but a single 
white egg, which rests on the bare ground. On the 
other hand, the jackass-penguin is in the habit of 
nesting in burrows, which may be as much as twenty 
feet in depth, and the same is also not infrequently 
the case with the little blue penguin of New Zealand, 
although the two eggs of this species are sometimes laid in 
the crevices of rocks. The bree ding time of this species 
on the islands off the Cape lasts through August, 
September, and October. 
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The most extraordinary breeding habits are dis- 
played, however, by the king and the emperor penguins, 
each of which lays its single egg at the beginning 
of the southern winter. At this season the king 
penguins in the Macquarie Islands, near New Zealand, 
may be scen squatting on stones in a quagmire of 
mud and water, each with an egg tucked in under the 
skin and feathers of the abdomen, and held on the feet 
to save it from the water. In the same way the em- 
peror penguin keeps its egg and chicken from contact 
with the ice on whichit stands. Neither species makes 
a nest for its eggs and young. It is curious that there 
is a great difference between the young of these two 
birds, which in other respects are so remarkably alike. 
The young are, in fact, wholly different in colour; the 
young king penguins, which are still abundant in the 
rookery when the old birds are sitting on fresh eggs 
in November, look like young bears in their long brown 
down, whereas those of the emperor penguin are silvery 
white, with a head wholly black except for a patch of 
white on each side, including the cheek and eye. 

Breeding during the darkness and severity of the Ant- 
arctic winter, it is only natural to expect that the 
emperor penguin should lose a number of its eggs 
and young from the cold, as even momentary contact 
with the ice is sufficient to cause them to freeze. As 
a matter of fact, the rigorous climate alone lays claim 
each year to no less than 77 per cent. of all the chicks 
hatched, before they are sufficiently old to be independent 
of their parents. This average mortality among the 
new-born chicks is no mere guess, but the result of two 
years’ observation, when the dead chickens on the pack- 
ice were actually counted before the colony broke up at 
the beginning of the spring. With this tremendous juvenile 
mortality, it is surprising that the adult birds should be 
so abundant, for in a rookery it is usual to find only 
one chick to ten or a dozen adults, cach of which is 
most anxious to nurse that one particular chick. 

The penguins inhabiting Tristan da Cunha migrate 
about April, and return in July or August ; but where 
they go does not seem to be ascertained, although it is 
quite certain that they cannot remain at sea for such 
a protracted period. Although during their aquatic 
journey they do not travel with anything like the speed 
of birds on the wing, they have the compensating 
advantage of a constant supply of food. 

Writing of the habits of the little blue penguin, Mr. 
J. Gould observes that “ its powers of progression in the 
deep are truly astonishing ; its swimming powers are, 
in fact, so great that it stems the waves of the most 
turbulent seas with the utmost facility, and during the 
severest gale descends to the bottom, where, among 
beautiful beds of coral and forests of seaweed, it 
paddles about in search of crustaceans, small fish, and 
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"THE existence during the Cretaceous epoch in North 

America of toothed birds (Ichthyornis) presenting a 
considerable resemblance to the modern gulls has been 
mentioned in an earlier section. In addition to these, 
there lived at the same epoch a totally distinct type, 
(order Odontolcz), in which the teeth, in place of having 
separate sockets, were implanted in an open groove, 
while the wings were rudimentary, and the keel of the 
breast-bone was wanting, although the vertebra re- 
sembled those of existing birds in articulating together 
by saddle-shaped surfaces. 

In general organisation these birds, Hesperornis, 
approximated to the modern divers, with which they 
agree in the general conformation of the skull and limb 
- bones, as well as of the pelvis. Whereas, howcver, the 
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marine vegetables, all of which kinds of food were 
found in the stomachs of those I dissected.” 

Of the jackass-penguin, Darwin states that ‘‘ when 
crawling, it may be said, on four legs, through the 
tussocks or on the side of a grassy cliff, it moves so 
very quickly that it might easily be taken for a quad- 
ruped. When at sea and fishing, it comes to the 
surface for the purpose of breathing with such velocity, 
and dives again so instantaneously, that I defy anyone 
at first sight to be sure that it is not fish leaping for 
sport.” This species, by the way, derives its popular 
name from its habit, when on shore, of throwing back its 
head and giving vent to a cry not unlike a donkey’s bray. 

On the coast of the Falklands the hard volcanic 
rocks are in places scored into deep grooves by the 
sharp claws of millions of penguins passing and re- 
passing for countless centuries. 


ODONTOLCLE 


modern divers have the long spike-like knee-cap, or 
patella, united with the tibia, in the extinct bird these 
two bones remained distinct. In dimensions Hespevornis 
was a bird of large size, attaining a height of rather 
more than a yard when in the upright position. Thatit 
was thoroughly aquatic in its habits is self-evident, and 
it may with considerable probability be regarded as a 
specialised and flightless offshoot from the ancestral 
stock of the modern divers ; although this would not 
justify its inclusion in the same order as the latter. 

An apparently allied, although very imperfectly 
known, type of bird (£naliornis) is represented in 
England, where its remains have been obtained from 
a thin stratum lying at the base of the Chalk, known 
as the Cambridge Greensand. 
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"THE divers and grebes (order Pygopodes) differ fromall 

other birds in that the crest of the tibia is prolonged 
upwards to unite with the knee-cap, or patella, thus 
forming a spike-like projection at the extremity of that 
bone, which affords an efficient lever for the muscles in 
the act of swimming. The group is further character- 


ised by the saddle-like form of the articular surfaces 
of the vertebrie of the back, by the presence of a small 
first toe, and the absence of bare tracts on the sides 
of the neck ; 
knife-lke. 
The limbs, like those of auks (with which these 
behind 


while the metatarsus is compressed and 


birds were formerly grouped) are set far 
the middle of the body. | 

The skull has a cleft, or © 

schizognathous, palate ; 
two large _ grooves, 
.separated from one 
another by a narrow 
ridge on the _ front 
surface for the recep- 
tion of glands ; and the 
hind part of the bone 
of the lower half of 
the beak abruptly trun- 
cated. The humerus, 
or upper wing-bone, 
has no transverse pro- 
jection at its lower 
end. Dr. Ro W. Shu 
feldt is of opinion that 
these birds are probably 


the number of primary quills in the wings is eleven; the 
tail, although short, is normal; and there are only four- 
teen or fifteen vertebra in the neck. The beak is long, 
sharp, and compressed, and the lores are completely 
feathered. Although an extinct representative of the 
family (Colymbordes) has left its remains in the Miocene 
deposits of the Continent, the existing divers, of which 
there are three well-marked species confined to the 
Arctic and cooler regions of the Northern Hemisphere, 
are included in the single genus Colymbus. Divers, 
although more slenderly formed, have scmewhat the 
appearance of geese when seen on the water ; but on 
land, owing to the backward situation of their legs, 


are widely different. 
1 In plumage the two 


sexes are alike; but 
the winter dress differs 
considerably from that 
of summer, as do the 
young from the adult. 
The typical repre 
sentative of the genus 
is the great northern 
diver (C. glactalis), a 
bird attaining a length 
of about 33 inches, and 
characterised by its 
glossy black head and 
neck, the presence of 
two gorgets of velvety 
black and white on the 
throat, and the belts 


the descendants of of white spots of vary- 
toothed divers more ing size crossing the 
or less closely allied dark back, the under 
to the American Cre- GREAT NORTHERN DIVER parts being white. 
taceous Hesperornis, the 4 Not uncommon— 


grebes exhibiting the most marked traces of this 
relationship. As the flightless Hesperornithide them- 
selves are doubtless the descendants of flying types, 
so, in Dr. Shufeldt’s opinion, the modern grebes and 
lories may, if they survive long enough, become in the 
course of ages incapable of flight. 
The following table sets forth the members of the 
order that are mentioned in this work. 
FAMILY 1 
Divers—Colymbidz 
GENUS 
Divers—Colymbus 
SPECIES 
aia ors Po Wisi Mejasaieiern & hee Colymbus glacialis 
MTOR TRACY AAC ost C. arcticus 


Great northern diver 
Black-throated diver 
Red-throated diver 


FAMILY 2 
Grebes—Podicipedida 


GENUS 1 
Typical Grebes—Podicipes 
: SPECIES 
WESUGTINGLONG nova alias Gndc sahil Rane eh Podicipes occidentalis 
CECMMCLOR TOO. REGIE Wy, 2”, wavy clouelarerd aisroailoie gy hed karo. P. cristatus 
Ger NOCHE Gi SLOME ncictsie vine tine 24nd marcan noe eae ae P. griseigena 
GIA OMIT BTECME a cily ns wa.9 daree-vieiaie anette one onan. aoe P. auritus 
PS IBOMARCOMEOLOTEMOD Wa atsia'tcrevs hw aterrcisiain atte von Mite niaion P. nigricollis 
Ui LOR RGR) Gs tte sists dataatare Satan recs 421 aipls See toe P. fluviatilis 
Mites ETC Ie eiend vie oneisyiii vars dia d.cas Velc ke ait Oe P. dominicus 
GENUS 2 
Podilymbus 
: ' SPECIES 
MI CRENP EO MRE LOU erecieiniere seat a's ah alec ce as's-eeire Podilymbus podiceps 
DIVERS 


In the divers (family Colymbide) the three front toes 
are fully webbed, and furnished with sharp claw-like nails : 


especially in an immature state—on the British coasts, 
and thence wandering so far south as the Mediter- 
ranean, this diver breeds in Iceland, Greenland, and 
North-Eastern Canada; but in North-Eastern Asia 
and Western Arctic America is replaced by a larger 
variety (C. g. adams?), distinguished by the white or 
yellow hue of the beak. 

Next in point of size is the black-throated dive1 
(C. arcticus), which does not exceed 26 inches in length, 
and is characterised by its light grey head, the purplish 
black patch surmounted with a black and white striped 
gorget on the throat, and the presence of two elongated 
areas on the black back between the shoulders, as well 
as others on the scapulars, marked by transverse white 
bands formed by nearly confluent square spots. The 
breeding area of this species seems to extend from the 
Hebrides and Scandinavia across Arctic Asia over the 
greater part of America, although it does not include 
Greenland, Iceland, or the Orkneys. Some naturalists 
regard a diver inhabiting the Pacific coast ot 
America as a distinct species. 

Finally, the smallest, as well as the commonest, 
species is the circumpolar red-throated diver (C. 
septentrionalis), so named from the presence of a 
patch of reddish grey extending down the throat of 
the adult in breeding plumage. On the upper parts 
the plumage is blackish brown in colour, with a com- 
paratively small number of spots; the head and sides 
of the neck being ashy grey, and the nape marked by 
streaks of black, grey, and white. Young birds, in 
which the throat-patch is lacking, are much more fully 
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striped. Although it does not breed at the present 
day in Great Britain to the south of Scotland, remains 
of this diver discovered in the superficial deposits of 
the East Coast suggest that it was formerly a resident 
in this part of England, when the climate was colder. 

Feeding almost exclusively on fish, and during the 
winter being oceanic in their habits, the divers resort 
to inland lakes for the purpose of nesting. Unlike 
auks, they are not gregarious, consorting only in pairs, 
and these generally keeping far apart from one another. 
Although they are strong on the wing, the backward 
situation of their legs renders divers extremely ill- 
adapted for moving on land, where they walk with the 
greatest difficulty and ungainliness. Accordingly, in 
order to avoid the necessity of making the attempt, 
the slight nest is always constructed close to the water’s 
marge, so that the sitting bird can at any moment 
resort to her native element by merely sliding down- 
wards from her sitting-place. 

In contrast to their awkwardness on land is the 
extreme agility displayed by these birds both on and 
beneath the surface of the water. They may, indeed, 
be regarded as almost the diving birds par excellence, 
the great northern diver having been stated to remain 
below the surface for a period of eight minutes, and 
all the species readily taking a baited hook while 
diving. Seldom seen on the wing except during the 
periods of migration, divers fly in a straight, arrow- 
like course, somewhat after the manner of ducks. 
The notes of all the species are harsh-and grating. 

Arriving at its breeding haunts in the Arctic regions 
about the end of May or beginning of June, syn- 
chronously with 
the breaking up : 
of the ice, the ! 
great northern ee, 
diver forthwith 
sets about the 
work of nesting. 
For choice, an 
island is selected, 
but, failing this, 
the shelving shore 
of some lonely 
lake, or even of 
a mountain tarn, 
is taken for a site. 
The nest, which 
is constructed of 
grass and sedge, 
is placed in an 
exposed position, 
where the sitting 
bird may readily 
receive warning of 
approaching dan- 
ger, upon which it takes at once to the water. 


This 
might at first sight seem fraught with danger to the 
eggs, but it appears that the safety of these is generally 
sufficiently assured by their protective resemblance 
to their inanimate surroundings, their colour being 


dark brown speckled with blackish. The usual 
number of eggs in a nest is two, and both sexes 
take their share in the work of incubation. 


GREBES 


Best known by the little dabchick of the European 
meres and rivers, the family of the grebes (Podicipediie) 
is distinguished from that of the divers by the toes 
being lobated instead of webbed, and furnished with 
broad, flat nails, rounded at the tips ; by the presence 
of twelve primary quills in the wing, by the rudimentary 
condition of the tail, and by the number of vertebra 


in the neck varying from seventeen to twenty-one. 
In all of them a bare stripe extends across the lores 
from the beak to the eye; the beak, although very 
variable in form, is always much elongated; and the 
nostrils are never protected by an overhanging lobe. 

The wings are short and concave, and when closed 
have the primaries concealed by the secondaries, and 
in the aborted tail a tuft of downy, soft feathers takes 
the place of the usual stiff tail feathers. On the lower 
surface of the body the plumage, which is usually of 
a pure white hue, is remarkable for its soft, silky texture 
and brilliant lustre. 

Grebes are more addicted to fresh-water than the 
other members of the order, some of them being 
inhabitants of lakes and rivers throughout the year, 
while others are oceanic during a large portion of their 
existence. They are represented by about sixteen 
species, ranging over the temperate and subtropical 
regions of both hemispheres; five of these being 
European, and three of the latter breeding in the 
British Isles, where the others are but winter visitors. 
The eggs differ from those of the divers in the 
creamy white colour of their shells, and their green 
tinge when viewed by transmitted light; the usual 
number in a clutch being either three or four. 

Using the term Podicipes in a wide sense, it will 
include the greater number of species of the group, 
or all those in which the length of the slender beak 
varies from 24 to 6 times its basal depth. Among the 
larger members of the’ genus, the western grebe 
(Podicipes occidentalis) is the sole:representative of a 
group characterised by the great length of the neck 
and beak, the 
smooth — head, 
which is devoid of 
tufts at all seasons 
of the year, and 
the absence of any 
seasonal difference 
in the general 
plumage, this 
species being ex- 
clusively North- 
American. 

Wine great 
crested sere bem (Es 
cristatus), which is 
the largest member 
of the genus, and 
attains a_ length 
of from 21 to 22 
inches, belongs, on 
the other hand, to 
a section in which 
the neck and beak 
are shorter, and 
the head of the adult is ornamented, in the breeding 
season at least, with coloured ruffs, tufts, or patches, 
while the general plumage’in the breeding season 
differs considerably from that of the adult in winter, 
and likewise from that of the young. In this par- 
ticular species the crest, although largest in summer, 
is borne throughout the year, but in others it dis- 
appears in winter completely. 

In its summer plumage this bird may be recognised 
by its chestnut-coloured ear coverts, and the white 
front of the lower part of the neck and breast, but in 
winter it has the lores and a stripe over the eye white. 
Confined to the Eastern Hemisphere, this species is 
remarkable for the extent of its breeding area, which 
includes Great Britain and Southern Europe, the 
whole of Africa, and the greater portion of Southern 
and Central Asia, as well as Australia and New Zealand, 
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lt is noteworthy that the Australasian birds, though 
completely isolated, present no di-ferences from the 
others. ; 

The smaller red-necked grebe (7. griseigena), which 
only measures 16 inches in length, takes 1ts names 
from the chestnut hue of the front of the lower part 
of the neck in the summer plumage, in which alone the 
crests on the head are present. Inhabiting a. large 
portion of Northern Europe and Asia, this species 
appears to have a circumpolar distribution, although 
some writers regard the variety occurring in America 
and North-Eastern 
Asia as a distinct 
species, under the 
name of P. holboellv. 

A third group of 
the genus is char- 
acterised by the 
smaller size of its 
members, in which 
the neck is short 
andes bine Ded Ic 
shorter than the 
head, while ear-tutts 
are present in the 
breeding plumage. 
Its best-known 
representative is 
the circumpolar 
Sclavonian grebe 
(P. auritus), which 
visits the British 
Isles and Gibraltar 
in winter, and, ex- 
cept in Norway, 
does not _ breed 
north of the Arctic 
Circle. Measuring 
alittle ‘over. 43 
inches in length, it 
is characterised by 
the compressed 
beak, and the com- 
bination in the breeding plumage of a chestnut fore- 
neck with black ear-tufts. 

On the other hand, the black-necked grebe (P. 
nigricollis) may be recognised by the prevalence of 
black on both the fore part of the neck and the ear 
coverts, the black on the neck reaching down to the 
level of the water when the bird is swimming, which 
is not the case with the Sclavonian species. This 
species, which breeds in Great Britain, ranges over the 
greater part of Europe and Asia (except India and 
Burma), as well as portions of Africa and the whole of 
Greenland. It is represented by a variety in North- 
Western Africa. 

Last of all comes the familiar dabchick, or little 
grebe (P. fluviatilis) of the Old World, and the least 
grebe (P. dominicus) of tropical America, together 
with some southern forms, as the representatives of 
a fourth group, characterised by the small size of its 
members, the very short neck and beak, and the 
absence of tufts or crests in the breeding plumage. 
By some naturalists these species are regarded as 
constituting a distinct genus—Tachybaptes. The dab- 
chick, which is the commonest of the British grebes, 
has a wide range in the Old World, its breeding area 
including the subtropical portions of both the Northern 
and Southern Hemispheres south of latitude 42°, as 
well as elevated regions within the tropics, while in 
Western Europe it extends some 20° further north, 
Not exceeding 9% inches in length, the dabchick in 
breeding plumage is characterised by the chestnut- 
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red of the cheeks and front of the neck, which in the 
American species are always ashy grey (page 1354). 
With the exception that the dabchick, like its small 
allies, generally spends the whole year in the neighbour- 
hood of fresh-water, the grebes are very similar in their 
habits, all of them resorting to rivers and lakes for the 
purpose of breeding. Thcir diving powers are such 
that, when pursued, they seldom take to wing, but 
nearly always endeavour to escape by disappearing 
beneath the water, to reappear in the most unexpected 
places. Indeed, although the larger species fly strongly 
and well, with the 
neck stretched out 
and the wings mov- 
ing rapidly, the 
dabchick rarely 
takes to flight. 
The ordinary 
alarm note of the 
great crested grebe 
may be expressed 
by the syllables 
*kek-kek,” but at 
the pairing season 
a guttural sound is 
uttered. Their 
food consists of 
frogs, fish, molluscs, 
water-insects, and 
the like, supple- 
mented by the 
shoots and seeds of 
aquatic plants. The 
great crested grebe 
frequently asso- 
ciates in parties 
during the breeding 
season, when, lke 
its congeners, it 
makes its large nest 
of decaying water- 
plants so nearly 
level with the 
surface of the water that it 1s generally constantly wet. 
A colony of these birds, breeding in an immense 
reed bed on the Zuider Zee, near Danzig, has been 
described by Mr. H. Seebohm, who writes that ‘‘there 
were dozens of nests, but never very close to each 
other, and I soon filled my handkerchief with eggs. It 
was the 5th of June, and only about half the nests 
contained the full complement ot eggs. The birds 
had evidently seen us long before we approached, and 
had had ample time to retreat with dignity. In the 
nests which contained three or four eggs, these were 
warm and covered with damp moss ; but in those con- 
taining only one or two, they were uncovered and cold.” 
Mr. Seebohm was thus led to believe that the eggs 
are not covered till the female begins to incubate, and 
the purpose of covering them a protection against 
chill, and not for concealment, white eggs being quite 
inconspicuous in the recesses of a dense mass of reeds. 
The thick-billed, pied-billed, or Carolina grebe 
(Podilymbus podiceps), which is an exclusively American 
bird, clearly represents a distinct genus, characterised 
by the shortness and stoutness of the beak, in which 
the length is less than twice the basal depth. The 
much-arched beak is parti-coloured ; the length of the 
metatarsus is less than that of the third toe without 
the claw; and the head is not tufted, although the 
throat is ornamented with a black patch. This grebe 
inhabits temperate North America and the West 
Indies, as well as the whole of Central and the greater 
part of South America. KR. LyDEKKER 
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ORDER XX. 


FULICARIZE 


Te RA Tea Es 


ATURALISTS are by no means in accord as to the 
best serial positions to be assigned to the groups 
classified in this work as rails (order Fulicaria), 
pigeons (order Columbe), and sand-grouse (order 
Pterocletx), or, indeed, whether they ought to be 
allowed to rank as distinct orders. The rails, for 
instance are classed by some in the same order as 


the cranes, to which they are undoubtedly related, 
while the ‘pigeons and sand-grouse are brigaded, 
together with the auks and gulls, in one group with 
the plovers, under the name of Charadriiformes. 
Others, on the contrary, adopt the grouping followed 
in this work. The members of the group referred to 
in this work are the following : 


ORDER 
Rail Tribe—Fulicarize 
FAMILY 1 
Rails—Rallide 
GENUS 1 
Typical Rails—Rallus 
SPECIES 
A ch A eae Rallus aquaticus 
Fe oe ee R. longirostris 
GENUS 2 
Wexka Rails—Ocydromus 


Water-rail 
Clapper-rail 


SPECIES 
South Island weka rail .. Ocydromus australis 
GENUS 3 
Crakes—Crex 
SPECIES 
BGOTIGEAREG © soccer ois co ob teccsss ecu Crex pratensis 
GENUS 4 
Porzana 
SPECIES 
SOI Sep ce ae eee Porzana carolina ~ 
5) RU Go P. maruetta 


ithe. Grake! 2% wack calsonemceoat P. parva GENUS 11 
Baullon’sicrakene Gin. ener P. intermedia Notornis 
KORE SPECIES : ag 
A saree S Mantell’s gallinule ...... Notornis mantelli 
Pigmy peserthe riety White gallinwlewes. scene eleven ientes N. albus 
s $ 
1 : : mae GENUS 12 
South African pigmy rail . Corethrura rufa Coots—Fulica 
GENUS 6 SPECIES 
Tribonyx DING! GOOG s'e-2tahe casas ote onl eternesstars Fulica atra 
SPECIES : Z 
Mortier’s water-hen ...... Tribonyx mortieri FAMILY 2 
GENUS 7 Finfeet— Heliornithid ce 
Moor-hens—Gallinula GENUS 1 
SPECIES _ Podica 
NOOT-DON ec.c ss satelite eee Gallinula chloropus ; i SPECIES ; : 
aNUS Sl Senegal finfoot ..°0.05... Podica senegalensis 
GENUS Peter siinteoh s.coaseeee te eee P. petersi 
GaliCe eg mite) Wim lis hor Re pete Se ie P. cameranensis 
SPECIES GENUS 2 
Wiaer=COCIS 9) wiarleSicleme alae Gallicrex cinerea Heliornis 
GENUS 9 ’ SPECIES 
Purple Water-hens—Porphyrio American finfoot = ........4.. Heliornis fulica 


GENUS 10 
Porphyriola 


GENUS 3 
Holiopais 


The rails and their relatives have the cleft, or schizo- 
gnathous, type of palate common to the cranes 
and game-birds; and, while evidently allied to the 
former, are connected with the latter by the so-called 


The young are active from the time they leave the 
eggs. A large number of genera, including nearly 180 
species, constitute the family, but only some of the 


bustard- quails. They 
appear to represent an 
ancient and generalised 
type of bird, and are 
divided into two fami- 
lies, of which by far the 
greater number are in- 
cluded in the typical 
Rallide. 

An interesting feature 
in this group is the large 
number of species which, 
from disuse of the wings, 
have lost the power of 
flight, several of these 
having become extinct 
within the memory of 
man; while with many 
others their extinction 
is but a matter of time. 

Among the chief ex- 
ternal characteristics of 
these birds are the long 
legs and toes, loose and 
rather hairy plumage, 
feeble, rounded wings, 
and=ssnort tail; The 
body is generally narrow 
and laterally com- 
pressed, thereby en- 
abling the birds to 
thread their way among 
reeds and grasses with 
great ease and rapidity ; 
and the neck is long and Bae) 
the head small, with a se 
jong or moderate beak. 


on ~ ~ 
THE WATER-RAIL 
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more important types are here mentioned. 


TYPICAL RAILS 


The members of the 
genus fallus, as typi- 
fied by the European 
water-rail (R. aguattcus), 
are characterised by the 
beak being longer than 
the third toe and claw, 
with the nostrils nearer 
the feathers at the base 
than the anterior end 
of the nasal groove. On 
the other hand, in all 
the genera mentioned 
below the beak | is 
shorter than the middle 
toe and claw (page 1404). 

The clapper-rail (R. 
longivostyis) is a North 
American species, char- 
acterised by having the 
upper parts ashy grey, 
streaked with blackish 
brown, the chin and 
throat white, the fore 
part of the neck ashy 
brown, shading into 
isabelline on the chest 
and upper portion of 
the breast, and _ into 
whitish on the under 
parts, the flanks being 
barred with greyish 
brown and white. This 
bird is a resident in 
many of the south- 
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eastern United States, but only met with in the salt- 
marshes near the Atlantic, unless driven inland by 
high tides. 

In spring considerable migrations take place at 
night, and are always conducted in perfect silence. 
The old naturalist Audubon writes, for instance, that 


THE CORNCRAKE, OR LAND-RAIL 


“from about the beginning-of March to that of April 
the salt-marshes resound with the cries of the clapper- 
rail, which resemble the syllables ‘cac, cac, cac, cac, ca, 
catra, catra.’ The beginning of the cry, which is heard 
quite as frequently during day as by night, is extremely 
loud and rapid, its termination lower and protracted. 
At the report of a gun, when thousands of these birds 
instantaneously burst forth with their cries, you may 
imagine what an uproar theymake. At this ‘ 
period the males are very pugnacious, and 
combats are rife tilleach has selected a female 
for the season. ’The males stand erect and 
cry aloud at the least sound they hear, guard 
their mates, and continue faithfully to protect 
them until the young make their appearance.” 

The nest is large and very deep, constructed 
of marsh-plants and fastened to the stems in 
the midst of the thickest tufts above high- 
water mark. This species may be called 
gregarious, the nests being placed on the 
most elevated grass-tufts within a few yards 
of each other. Eight to fifteen eggs, of a 
pale buff colour thinly spotted with light 
brown and purple, are laid, of which, on 
account of the excellent flavour, large numbers 
are collected for the market. This species can 
swim fairly well, and traverse partially sub- 
merged weeds with great rapidity. 


WEKA RAILS 


The next group for notice includes the three 
species of weka rails (Ocydromus), only found 
in New Zealand, and incapable of flight, 
though provided with ample wings. These 
birds, of which the South Island O. australis 
is the typical representative, may be recog- 
nised by their rather large size, nearly equal to 
a pheasant, by the beak being shorter than the 
middle toe and claw, and by the elongate wing 
coverts, which extend nearly to the extremity 


6 


of the quills, as well as by their stout, strong legs. 
They are semi-nocturnal in habits, and usually remain 
concealed during the day in thick fern or scrub, taking 
refuge in hollow logs or other natural cavities. Occa- 
sionally they dig a subterranean burrow, the beak only 
being employed for this purpose, which serves as a 
retreat as well as a breeding place. 

These birds are remarkably bold and fearless, 
; sometimes visiting farmyards and even entering 
houses. They are also pugnacious and perfectly 
omnivorous, being well known to plunder and 
eat the eggs and young of ground-birds, and wil] 
even attack full-grown rats. The cry, begun at 
sunset and continued through the night, is a 
‘peculiar and not unpleasant whistle. A pair 
- usually perform together, calling alternately and 
in quick succession, the male always taking the 
lead. As already stated, these birds usually 
breed in burrows, laying two and sometimes 
~< three eggs of the usual rail type. 


CORNCRAKE 


The corncrake, eg land-rail (Crvex pratensis), 
representing a genus of its own, is found 
* throughout the greater part of Europe and as 
far east as the Yenisei in Siberia, ranging south 
in winter to Africa, while it is-also an occasional 
visitor to North America and Greenland (p. 1404). 


SORA-RAIL 

The American sora-rail (Porzana carolina), in 
which the general colour above is olive brown 
varied with black middles and white margins on 
the feathers, represents an allied and widely 
spread genus with about sixteen species. In this bird 
the forehead, crown, front of the face, and middle of 
the throat and neck are black ; the eyebrowstripes, sides 
of the face and neck, as well as the chest, ashy grey, the 
breast white, and the flanks barred with black and white. 
To the same genus belong the spotted crake (P. maruetta) , 
the little crake (P. parva), and Baillon’s crake (P. 
inteymedia), all of which visit Great Britain. 


MOOR-HEN 


PIGMY RAILS 
A small group is formed by the pretty pigmy 
rails of Africa and Madagascar, characterised by the 
soft tail feathers being almost hidden by the coverts. 
In the South African species (Corethrura rufa) the 
general colour of the upper parts, sides, and flanks is 
black, longitudinally streaked with white; the inner 
quills, lower back, and tail being also spotted with 
sable. The head, neck, and chest arerich chestnut, 
and the breast purplish white streaked and barred 
with black. Mr. C. J. Andersson, writing from 
Damaraland, states that ‘I have only found this 
species at Omanbondé, where it is not uncommon, 
and breeds. It frequents stagnant waters, thickly | 
fringed and studded with aquatic herbage, amongst 
the ever-progressive decay of which it loves to 
disport itself and to search for food. It is very 
shy and reserved in its habits, seldom going far 
from effective cover, and gliding through the 
mazes of the rank vegetation with astonishing 
ease and swiftness.” 


MORTIER’S WATER-HEN 


A handsome Australian bird may be taken as 
the first representative of the group which includes 
the moor-hens and coots, all characterised by 
having a bare, fleshy shield on the fore part of the 
head at the base of the beak. Mortier’s water-hen 
(Tvibonyx mortizri), the only representative of its 
genus, may be recognised by its short toes, which 
do not exceed the metatarsus in length, its large 
size, and feeble wings, with the primary and second- 
ary quills about equal in length. The general colour 
is ruddy brown, washed with olive, shading into 
greenish grey on the wing coverts, which arespotted 
with white; the head and neck are darkolive brown, and 
the rest of the under parts, except a large white patch on 
each side of the body, greenish grey washed with olive. 

In regard to its habits, Mr. J. Gould states that 
“the localities it affects are marsh-lands and the sides 
of rivers. It was daily seen by me on the Government 
demesne at New Norfolk, Tasmania, where it frequently 
left its sedgy retreat, and walked about the paths and 
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MORTIER’S WATER-HEN 


other parts of the garden, with its tail erect like 
the common hen. Even here, however, the greatest 
circumspection and quietude were necessary to obtain 
a sight of it; for the slightest noise or movement excited 
its suspicions, and in an instant it vanished in the 
most extraordinary manner into some thicket, from 
which it did not again emerge until all apparent cause 


BLACK-BACKED WATER-HEN 


for alarm was past. Its habits and general manners 
are very similar to those of the moor-hen, but it does 
not dive or swim so much as that bird. It is very 
easily captured with a common horsehair noose. The 
nest, which is very similar to that of the moor-hen, is 
formed of a bundle of rushes placed on the border of 
the stream ; the eggs are seven in number.” 


MOOR-HEN 

The well-known European moor-hen (Gallinula 
chlovopus), easily recognised by its yellow and red 
beak, green legs, and dove-brown plumage, is the 
typical representative of a widely spread genus con- 
taining half a score of species. In common with all 
the following genera the toes are long, the third toe and 
claw exceeding the metatarsus in length. This genus 
is distinguished by the circumstance that the toes, 
although not lobed, resemble those of the coots, and 
have a narrow lateral membrane, while the nostrils are 
oval and situated in a distinct nasal depression 
(page 1404). 

WATER-COCK 

South-Eastern Asia and the Malay Islands are the 
home of a large species known as the water-cock 
(Gallicvex cinerea), representing a genus by itself, and dis- 
tinguished by having no lateral membrane on the toes. 
The male has the plumage black, especially the upper 
parts, the wing coverts being edged with grey, and the 
scapulars and the lower portion of the back with brown, 
while the under tail coverts are buff barred with black. 
The female is browner and has the wing coverts grey, 
and the under parts buff with dusky bars, except the 
throat and middle of the belly, which are white. 


PURPLE WATER-HENS 
The most striking birds of the group, as regards 
brilliance of colouring, are the purple water-hens, or 
gallinules (Porphyrio), with their handsome blue and 
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purple plumage, variously shaded with dark 
green, olive brown, and black. These birds are 
distributed all over the warmer parts of the Old 
World, and are represented in America by the 
members of the allied genus Porphyriola, of 
which one species occur in Africa and Mada 
gascar. Closely allied to 
these, but much larger, is 
Mantell’s gallinule (Nofor- 
nis mantelli), a native of 
New Zealand, now nearly, 
if not quite, extinct ; the 
white N. albus, which 
formerly inhabited Norfolk 
and Lord Howe Islands, 
being another member of 
the same genus already 
completely exterminated. 
COOTS 

A very distinct group is 
formed by the coots 
(Fulica), all of which are 
easily recognised by their 
lobed toes. In habits they 
resemble ducks and _ gal- 
linules, being able not 
only to swim and dive -. 
well, but also to thread 
their way through grass 
and reeds with ease and 
swiftness. In rising, they 
flap along the surface of 
the water, and fly like 
rails with their legs dang- 
ling ; and their notes re- 
semble those of gallinules, 
but are more harsh and grating. Thirteen species 
of the genus are recognised, among which the common 
F. atra ranges from Great Britain to Celebes. The 
eggs have a creamy or pinkish ground-colour, marked 
with specks or small spots of purple or brown. Coots 
have an almost world-wide distribution, and some of 
the species, especially the European onc, associate in 
flocks of enormous size (page 1404). 


sFINFEET 


Finfeet form a comparatively small group character- 


SENEGAL FINFOOT 


ised by the grebe-like feet and the absence of after- 
shafts to the feathers. The family (Heliovnithide) is 


COOTS 


divisible into three generic groups, of which Podica is 
restricted to Africa, Heliornis to Central and South 
America, and Heliopais to South-Eastern Asia. 

As a representative of the first genus, mention may be 
made of the West African finfoot (Podica senegalensis), 
in which the general colour above is dark brown glossed 
with dark green, the back and wings being ornamented 
with round cchery spots edged with black, the sides 
of the face, neck, and throat grey banded with white, 
and the rest of the under parts white tinged with 
fulvous and barred with black on the sides. 

On the Junk and Du Queah rivers of Liberia these 
birds are usually met with solitary, more rarely in pairs, 
slowly swimming about, and very shy and watchful, 
making for the bank at full speed on the approach of a 


canoe, and hiding themselves under the thick foliage 
of the overhanging shrubs. They are very hard to 


flush unless taken by surprise in the open, when they 
flutter hastily away, keeping so close to the water that 
they continually beat the surface with their wings and 
feet. When swimming, they sit very deep in the water, 
Their general habits are much like those of the Euro- 
peancoot. Specimens of the closely allied Peter’s finfoot 
(P. peterst), of South Africa, are often taken in 
traps set for otters. These birds have the power of 
making an extraordinary noise, like the growling of a 
wild beast, which they effect by drawing the air into 
their bodies, and forcing it gradually out from their 
throats ; and they utter this strange noise when taken 
from the traps, fighting at the same time with all their 


might. The third species is P. cameranensis. Each 
of the other genera is represented only by a single 
species. It is noteworthy that the young of the ty pical 


American finfoot (Heliornis fulica) are stated to be 
hatched naked and carried about by the old bird, but 
very little appears to be known at present of the nesting 
habits of any of these birds. 
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ORDER XXIL. 


COLUMB£E 


SENER Es CHARACTERISTICS, OF THE PIGEON TRIBE 


IGEONS and doves<form such a well-marked group 
Zk (order Columbe) that there is little difficulty in recog- 
nising any of their numerous representatives at a glance. 
In all of them the moderately large head is set on a 
gracefully-formed neck, and the body is rather compact 
and stoutly built. Swollen at the extremity, the beak has 
its basal portion covered with a soft skin, in which open 
the nostrils. The legs, which are coated with six-sided 
scales, are usually more or less thickly feathered on the 
upper part, although sometimes naked ; and the feet 
have four toes, of which the first is placed on the same 
level as the others. 

With the exception of the ground-doves, in which the 
wings are short and rounded, most of the existing 
species have long, powerful quill-feathers, but the extinct 
dodo and solitaire were incapable of flight. As regards 
characters-of the skeleton, pigeons have a cleft (schizo- 
gnathous) palate, and the upper bone of the wing, or 
humerus, is provided with a triangular crest at the upper 
end (page 1399), to which is attached the great pectoral 
muscle, thus rendering these birds capable of protracted 
and powerful flight. 


Most pigeons are indeed excellent flyers, capable of 
traversing enormous distances in an incredibly short 
time. A distinctive feature of the group is the large 
size of the crop, which becomes glandular during the 
breeding season, when it secretes a milky fluid to 
mcisten the half-digested food on which the young are 
nourished. Pigeons are voracious feeders, and it has 
been estimated that a single bird is capable of eating a 
quantity more than equalitsown weight. Pigeons drink 
by thrusting their beaks into the water and retaining 
them in the fluid till they have quenched their thirst. 

All the species pair for life, and both sexes take 
part in the building of the nest, incubation, and the 
rearing of the young. When first hatched, the latter are 
naked and helpless, and thus need care from both 
parents.. The beak in the young is larger and more ~ 
fleshy than in the adult, and during the operation of 
feeding, the-old bird thrusts its beak inside that of its 
offspring, and injects the semi-liquid nutriment. The 
nest is a simple structure composed of twigs, and 
generally placed ina tree; and the eggs, which are never 
more than two in number, are invariably pure white. 


CLASSIFICATION 


ORDER GENUS 14 
The Pigeon Tribe—Columbz Myristicivora 
FAMILY 1 SEEN 
Pigeons in General—Columbidze White nutmeg-pigeon.... Myristicivora bicolor 
: GENUS 1 : GENUS 15 
Wedge-tailed Green Pigeons—Sphenocercus Lopholeemus 
: SPECIES SPECIES 
Himalayan wedge-tailed pigeon..Sphenocercus — Australian fruit-pigeon.......... Lopholemus 
f F apicicauda antarcticus 
Burmese wedge-tailed pigeon ....S. sphenurus GENUS 16 
_ GENUS 2 Hemiphaga 
Walia-Pigeons—Vinago GENUS 17 
eee oan.) SERCIES Ber de Gymnophaps 
Abyssinian walia .... pete sees Vinago valia SPECIES : 
GENUS 3 Albertis’ pigeon........ Gymnophaps albertisi 
posers GENUS 18 = * 
OQeuicirsson Typical Pigeons—Columba 
SPECIES SPECIES 
Malabar green pigeon ..Osmotreron malabarica Rock-dove ............++.+-- Columba livia 
GENUS 5 Grey-rumped pigeon............ C. intermedia 
Treron ©. gymnocyclus 
SPECIES SCOCK“COVE: ciccca sale loustaslas soot eeaclee C, eenas 
a 2 = a 5 7 -Di =< : 
Thick-billed green pigeon... . Treron nipalensis Wood-pigeon........+.--+-.+5 C. palumbus 
GENUS 6 Band-tailed pigeon............ «..C. fasciata 
Phobotreron New Guinea wood-pigeon........ C, albigularis 
SPECIES GENUS 19 
Philippine green pigeon ........ Phobotreron Nescenas 
amethystina . SPECIES 3 “ae 
GENUS 7 Mauritius pigeone es... ce aces Nesonas meyeri 
Painted Pigeons—Ptilopus GENUS. 20 2 
AG es i SPECIES _ Spee Turtureena 
Philippine painted pigeon ; . Ptilopus occipitalis SPECIES 
East Australian painted pigeon .. P.swainsoni — Sharpe’s pigeon .........- Turturoena sharpei 


New Guinea painted pigeon ...... P. superbus 
Temminck’s painted pigeon .... P. temmincki 
Solomon painted pigeon .......... P. eugeni«e 


OF COLUMBZ MENTIONED IN 


GENUS 21 
Long-tailed Pigeons—Turaccena 


GENUS 8 Gs es br alee eee eee 
Golden Pigeons—Chryscenas : /E1€ pean PIZCOW  s sspive uraccena menac € aia 
SPECIES TIMOL Pigeon visv.cl ie ee ae T. modesta 
Fiji golden pigeon .......... Chryscenas victor GENUS 22 : 
GENUS 9 Cuckoo-Pigeons—Macropygia 
Wart-Pigeons—Alectrenas ; ee eas : 
SPECIES Indian cuckoo-pigeon .... Macropygia tusalia 
Seychelle wart-pigeon. . Alectroenas pulcherrima GENUS 23 
Comoro wart-pigeon............-++4 A. sganzini Reinwardtcenas 
Aldabra wart-pigeon..............+-4 A, minor SPECIES 
Madagascar meri Deen ai madagascariensis Reinwardt’s long-tailed pigeon. Reinwardtoonas 
: at. Pj . reinwardti 
New Caledonian Wart-Pigeons—Drepanoptila GENUS 24 
GENUS 11 Cc 2 
+4 Di oryphenas 
BRC Tages eeronbtce SPECIES 
Nutmeg-pigeon ; Caropophaga «nea Solomon long-tailed pigeon ...... Coryphenas 
Nicobar nutmeg-pigeon .......... C, insularis : Se crassirostris 
GENUS 12 GENUS 25 te 
Serresius Passenger-pigeon— Ectopistes 
GENUS 13 SPECIES 
Globicera Passenger-pigeon ...... Ectopistes migratorius 
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GENUS 26 
Mourning-doves—Zenaidura 

SPECIES 
American mourning-dove ........ Zenaidura 
carolinensis 

GENUS 27 

Zenaida 

SPECIES 
West Indian zenaida dove ..Zenaida amabilis 
South American mourning-dove ..Z. auriculata 


GENUS 28 


Nesopelia 
~ : SPECIES 
Galapagos pigeon.... Nesopelia galapagoénsis 


_ _, GENUS 29 ; 
White-winged Doves—Melopelia 


SPECIES 
White-winged dove ....Melopelia leucoptere 
Peruvian white-winged dove ...... M. meloda 
GENUS 30 
Turtle-doves—Turtur 
SPECIES 
The'turtle-dove%.... «es. use: Turtur communis 
Domesticated turtle-dove.......... T. risorius 
Tranquebar dove ./....<:.. T. tranquebaricus 
Indo-Chinese turtle-dove .......... 'T. humilis 
Malay. turtle-dove ......:...%.6. T. tigrinus 
Senegal turtle-dove .......... T. senegalensis 
Brown turtle-dove .......... . cambayensis 
GENUS 31 
Geopelia 
GENUS 32 
Scardafella 
EMGaM GONE I tsa Seesaw renee Scardafella inea 
GENUS 33 
Gymnopelia 
SPECIES 


Gymnopelia erythrothorax 
GENUS 34 
American Doves—Columbula 
SPECIES 
Picul doveriweamoun cae Colum bula picui 


Chameepelia 
GENUS 36 
Cinnamon-dove—Haplopelia 
SPECIES 
South African cinnamon-doye .... Haplopeha 
larvata 
GENUS +37 
Leptoptila 
GENUS 38 
Osculatea 
GENUS 39 
Geotrygon 
GENUS 40 
Phlogenas 
SPECIES 
Blood-breasted dove...... Phlogeenas luzonica 
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GENUS 41 
Alopecenas 
GENUS 42 
Wonga-wonga Dove—Leucosarcia 
SPEC TES 
Wonga-wonga dove ...... Leucosarcia picata 
GENUS 43 
Eutrygon 
GENUS 44 
Otidiphaps 
GENUS 45 
Blue-bearded Dove—Starnenas 
SPECIES 
Blue-bearded dove .. Starncenas cyanocephala 
GENUS 46 
Cape Dove—Cna 
SPECIES 


CAPE GOVE « omar cna ca RE (na capensis 
GENUS 47 
Tympanistria 
SPECIES 
White-breasted wood-dove...... Tympanistria 
bicolor 


GENUS 48 
African Ground-dove—Chalcopelia 
SPECIES 
African ground-dove ........ Chaleopelia atra 


PIGEONS 


LL existing pigeons, with the exception of the tooth- 
billed Samoan species, may be included in a single 
family (Columbide), which is divisible into several sub- 


family groups. 


WEDGE-TAILED GREEN PIGEONS 
The handsome birds known as the wedge-tailed green 
pigeons, may be taken as the first representatives of the 
Tvervonine, which contains a large number 
of arboreal species inhabiting Africa, South-Eastern 
Asia, and the islands of the se pooh plese: As 
arule, these birds are pepeesseeeetesm 


subfamily 


distinguished by their 
rather short legs, 
which are feathered 
for more than _ half 
their length, and are 
usually shorter than 
the middle toe and 
claw ; the soles of the 
feet being very broad, 
and the skin of each 
toe expanded on the 
sides. The firstsection 
of the subfamily con- 
taims, the green 
pigeons, characterised 
by the comparative 
stoutness of the beak. 
The plumage, with a 
few exceptions, in 
which it is chocolate 
brown, is mostly 
green, and most 
species have a yellow 
band across the wings. 
In the first three 
genera the base of the 


GENUS 49 
Bronze-winged Doves—Chalcophaps 
SPECIES 
Indian bronze-winged dove. 
GENUS 50 
Phaps 
SPECIES 
Bronze-winged dove 


.Chaleophaps indica 


Phaps chalecoptera 
P. elegans 


GENUS 51 
Harlequin-Dove—Histriophaps 
SPECIES 
Harlequin-dove ...... Histriophaps bistrionica 
GENUS 52 
Petrophassa 
SPECIES 
White-quilled rock-dove ........ Petrophassa 
albipennis 
GENUS 53 
Geophaps 
SPECIES 
Pencilled dove ..........4+ 
GENUS 54 
Lophophaps 
GENUS 
Plumed bronze-winged dove 


Geophaps scripta 


. Lophophaps 
plumifera 


shorter. The 


SRR ET OST IS 


ABYSSINIAN WALIA 


PIGEON 


from ae to » July, 


GENUS 55 

Ocyphaps 

SPECIES 
Crested bronze-winged doye.Ocyphaps lophotes 

GENUS 56 

Calenas 

SPECIES 
Nicobar pigeon .......... Caleenas nicobarica 
Pelew-Digeon.2 s..a80 che paeeta eae C, peleuensis 
C. maculata 

GENUS 57 

Crowned Pigeons—Goura 

SPECIES 
Victorian crowned pigeon...... Goura victorie 
Albertis’ crowned pigeon ........ G. albertisi 


FAMILY 2 
Didunculidee 
GENUS 1 
Didunculus 
SPECIES 
Tooth-billed pigeon ..Didunculus strigirostris 
FAMILY 3 
Dodo and ee (extinct) 
GENUS 
Didas 
SPECIES 
POG encanto Oras Meese Didus ineptus 
GENUS 2 
Pezophaps 
SPECIES 
Solitaire i utp wea Siecle te ain ae Pezophaps solitaria 


IN GENERAL 


pair of tail feathers long and pointed ; 
latter the under surface of the 
the middle pair of feathers is less pointed and much 
males of the 
difficult to identify, 
species often resemble one another very closely. 

The above-mentioned S. 


while in the 
tail is uniform grey, and 


various species are not 
but females belonging to distinct 


sphenurus is found in the 


thick forest-country of Burma, frequenting trees 
which bear fruit, and going about in flocks. It is 
a summer visitor to the Himalaya, where it breeds 


constructing a nest of twigs on 
‘the outer branc hes of 
trees. 

In October these 
pigeons. collect in 
small flocks of six or 
eight, and quit the 
mountains. They are 
rather shy, and their 
note is a soft, cooing 
whistle. Their food 
consists entirely of 
small fruits, which are 
swallowed whole. 


WALIA PIGEONS 

The walia pigeons 
(Vinago), which take 
their name from the 
typical Abyssinian 
species, are character- 
ised by the tail feathers 
forming an almost 
even line, the outer 
pair being little shorter 
than the middle ones, 
and the feathers on 
the legs conspicuously 


beak is soft, and the 
sheath of its upper half does not reach the feathers of 
the forehead. 

The wedge-tailed green pigeons include seven species, 
with wedge- shaped tails, and the middle feathers more 
or less pointed, from South-Eastern Asia; the best known 
being the Himalayan and Burmese, Sphenocercus apici- 
cauda and S. sphenurus. The former is distinguished 
by having the under surface of the tail black, with a 
broad grey band across the extremity, and the middle 


yellow, while the 
forehead in some species is more or less naked. 

The Abyssinian walia (V. valia) is met with in the 
subtropical belt, and but rarely seen on the highlands, 
being first observed at an elevation of about two 
thousand feet, and not extending above six thousand. 
Its call is a liquid whistle, very ‘similar to that of the 
Indian green pigeon in tone, but with the concluding 
portion a little harsher and more prolonged. It feeds 
n fruits, especially figs, in consequence of which it 
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PAINTED 


forms, like the other members of 
excellent bird for the table. 

_ The allied genus Crocopius, of which the members 
inhabit the Indo-Chinese countries, resembles Vinago 
in having the feathers on the legs yellow, but is 
distinguished by the first three flight feathers 
being pointed. The nest is roughly made of sticks, 
je usually situated rather high up in a mango 
ree. 


the group, an 


MALABAR GREEN PIGEON 


A number of green pigeons inhabiting South-Eastern 
Asia and the Malay Archipelago, and distinguished by 
having the feathers on the legs of 
a greenish or whitish colour, con- 
stitute the genus Osmotreron. 
Among these is the Malabar green 
pigeon (O. malabarica), which, like 
its allies, closely resembles the 
under-mentioned thick-billed 
species in habits and mode of life. 
In the male the upper part of the 
head is grey shading isto olive 
green on the back of the neck, the 
upper part of the back maroon, 
and the rest of the upper parts and 
middle tail feathers olive green; 
the lateral tail feathers are grey, 
with a black band across the 
middle, the quills and wing coverts 
black, the latter edged with yellow, 
and the under parts olive yellow. 
The female has the upper part of 
the back olive-coloured. 


THICK-BILLED GREEN PIGEON 

The three remaining genera are 
distinguished from the foregoing 
by the circumstance that the sheath 
of the upper half of the beak 
reaches the feathers of the forehead. 
The typical genus Tvevon includes 
only two species from South- 
Eastern Asia, both of which have 
the third flight feather deeply 
scooped about the middle of the 
inner web; the thick-billed green 
pigeon (7. nipalensis) being dis- 
tinguished by having the grey 
colour of the cap darker, and not 
extending over the upper parts of 
the cheeks. This species, which 
inhabits the South-Eastern Hima- 
laya, extending to the Malay 
Peninsula, is very common in 
Tenasserim, where it occurs in moderately large flocks, 
feeding on small fruits. These pigeons feed in the 
morning and evening, and are noisy and quarrelsome. 
Their flight is rapid, and they frequent dense forest, thin 
tree-jungle, and even gardens, breeding in February and 
March, the nests being flimsy little platforms of straw 
placed about ten feet above the ground. 

The five species of the Philippine genus Phobotreron 
are peculiar in having the general colour of the plumage 
chocolate brown, P. amethystina being a handsome 
bird with the hind portion of the neck a beautiful 
amethyst colour, and the upper parts with -bronze 
reflections. 


a 


PAINTED PIGEONS 
The painted pigeons comprise a numerous 
group of small, brilliantly-coloured species, mostly 
characterised by having the plumage variegated with 
patches of different colours, many of them being birds 


SEYCHELLE WART-PIGEON 


PIGEONS 
of surpassing beauty. They may be distinguished 
from the last group of green pigeons by the more 


slender beak, which is not very distensible at the 
base; and in this respect, as well as in their smaller size, 
they differ from the true fruit-pigeons described below. 

Of the tive genera, by far the largest and most 
important is Pé#lopus, which contains at least seventy 
species, ranging from the Malay Peninsula to Australia 
and Polynesia. 

The numerous species have been arranged under 
twelve subgeneric groups, the first eight of which are 
distinguished by having the first flight feather abruptly 
narrowed at the extremity, except in one species. 

Of the subgenus Leucotreron, 

characterised by having no defined 
_ Cap on the upper part of the head 

and by the tail being rather long, 

P. occipitalis of the Philippine 

Islands is a good example, in 

which the upper part of the head 
: 1s grey, the cheeks and back of the 

head purple red, the back of the 

neck and the rest of the upper parts 
. bronze green, with a grey band at 
' the tip of the tail, and the under 
- surface of the body mostly whitish 

and grey, with a wide purplish 

band on the lower part of the 
_ breast. 

In the second, or typicai, group 
of painted pigeons the tail is 
moderately long, the feathers on 

' the breast are forked at the ex- 
tremity, and there is a well-marked 
cap on the top of the head. Among 
these, the East Australian P. 
swainsont has the crown rose lilac, 
surrounded by a narrow ring of 
yellow, the upper parts mostly 
greenish yellow, the inner quills 
being tipped with deep blue, the 
breast dull green, each of the 
forked feathers shading into a 
silvery grey at the tip, and a lilac 
band between the breast and the 
orange abdomen. In the third 
subgenus, Lamprotveron, repre- 
sented by two species only, there 
is a broad blue-black band separat- 
ing the breast from the abdomen. 
The two species are P. superbus 
and P. temmincki, of which the 
Cale OE, former is very common in New 
Guinea and Australia. 

The other groups of this section 
of the genus, distinguished by the first primary being 
narrowed at the extremity, include eleven species, which, 
unlike those previously mentioned, have the tail rather 
short: they are all inhabitants of New Guinea or the 
islands immediately to the east and west. The remain- 
ing subgenera differ from those already mentioned in 
not having the first flight feather narrowed, while none 
have the head, neck, and breast uniform rose carmine. 
They include about thirty species, many of which are 
exceedingly beautiful, but none more so than P. 
eugenie of the Solomon Islands. Both sexes of the 
latter have the head pure white, and the rest of the 
upper parts bronze green, with a small grey patch 
on the shoulder and spots on the wing coverts of 
the same colour, the throat and chest dark purple 
red, surrounded by a dull purple band, and the 
breast greyish green, shading into whitish on the 
abdomen. 


Ait te 


87 . D 


HARMSWORTH NATURAL HISTORY 


GOLDEN PIGEONS 

Another section is represented by the golden pigeons 
(Chrysenas), distinguished by having the inner webs, 
of the quills yellow or orange yellow, and containing 
three species from the Fiji Islands, one being the 
splendid C. victor, the male of which has the ge neral 
plumage bright orange, with the head and throat 
olive yellow, ‘and the beak and feet green. The female 


NUTMEG-PIGEON 


has the entire plumage rich green, with the head and 
throat yellowish green, and the beak and feet black. 


WART-PIGEONS 

Another genus includes the wart-pigeons (Alectr- 
wnas) of the Seychelles, Mascarene, and Comoro 
Islands, and Madagascar, in which the colour is mostly 
deep blue, and the feathers of the neck are deeply 
forked at the extremity. Two of the species have the 
tail blue, the crown of the head very red in the Seychelle 
A. pulcherrima, and grey in the Comoro A. sganzint. 
In the third and fourth species the tail is red, the 
former, A. minor, of Aldabra, having the head of a 
light grey colour, while in the latter, A. madagas- 
cariensts, it is a deep slate-blue. Finally, the one 
species of Drepanoptila, from New Caledonia and the Isle 
of Pines, is peculiar in having the outer flight feathers 
divided at the tip, and the legs entirely feathered. 


TYPICAL FRUIT-PIGEONS 

In a third section of the subfamily are included the 
true fruit-pigeons, among which, next to the crowned 
pigeons, are some of the largest members of the family, 
none being smaller than a rock-dove. The long and 
basally-expansible beak confers on these birds the 
capacity to swallow large fruits whole. Their plumage 
is not much variegated, and in six out of the seven 
genera there are fourteen tail feathers, the seventh 
(Hemiphaga) having only twelve. The genus Globicera 
contains a few species, differing from the rest by the 
swollen fleshy knob at the base of the upper half of 
the beak. 

Passing over the peculiar genus Servestus from the 
Marquesas, in which the basal half of the beak is 
covered with a saddle-shaped production of the skin of 
the forehead, reference may be made to the members 
of the typical genus Car_ pophaga, which may be divided 


into six subgenera—i.e., groups respectively character- 
ised by the general colour of the plumage and the shave 
of the flight feathers. 

Among. these it will suffice to mention a few species 
in which the general colour’ is mostly metallic on the 
upper parts, the tail uniform in colour, and the flight 

feathers normal in shape. In the nutmeg-pigeon 
(C. @nea), common in the Indo-Burmese countries, 
Ceylon, and the Andamans, the 
head, neck, and under parts of the 
body are grey, the upper parts 
bronze-green, and the under tail 
coverts deep chestnut. These 
handsome birds keep to the larger 
forest-trees, and live on_ fruits, 
especially wild nutmegs, which they 
swallow whole, although only the 
mace is digested, the nutmeg being 
disgorged. 

Another closely allied species, the 
Nicobar nutmeg-pigeon (C. insu- 
lavis), of the islands from which it 
derives its name, differs in having 
the under tail coverts mixed with 
dark green. These pigeons occur 
singly, in pairs, or in small parties, 
and their deep, low, cooing notes 
may be heard all day resounding 
through the forest. They breed in 
February and March, and the nest, 
of which one has been found in a 
cocoanut-palm about twenty feet 
from the ground, contains one 
large white egg. 

From all the above the members 
of the genus Myristicivora may be 
distinguished by their white and 


black plumage; the white nutmeg-pigeon (M. bicolor) 
being a handsome species found in the Philippine 


Islands, the Malay Archipelago, and the Andaman and 
Nicobar Islands. Both sexes.have the entire plumage 
pale creamy white, except the flight feathers, the tip of 
the tail, and some spots, on the under tail coverts, which 
are black. This bird is not so generally distributed 
through the Nicobars as the nutmeg-pigeon, and, 
though occasionally found some distance in the forest, 
keeps in general to the mangrove-swamps; but on 
islands such as Treis and Track, where there is little or 
no mangrove, it occurs everywhere. 

Lopholemus antaycticus, of Eastern Australia, easily 
recognised by being the only crested species of fruit- 
pecan, is the sole representative eof its genus. The last 

genus, Hemiphaga, containing a few species from New 
Zealand and the neighbouring islands, differs from the 
allied groups by having only twelve tail feathers. 


TYPICAL PIGEONS 
The green pigeons and their relatives the more 
typical pigeons, constituting the subfamily Colum- 
bine, are distinguished by having the soles of their 
feet normal, that is to say, not specially broad, and 
only the hind toe with the skin prominently expanded 
on the sides. 

The subfamily is split up into three sections, in the 
first of which the tail is never longer than the wings; 
this group containing the wood-pigeon, stock-dove, and 
rock-dove, from the last-named of which domesticated 
breeds of pigeon are derived. The first genus is repre- 
sented only by the Albertis’ pigeon (Gymnophats 
albertisi) of New Guinea, distinguished from the allied 
genera by having the legs feathered for two-thirds of 
their length, and a naked carmine space in front of 
and round the eyes, 
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WOOD-PIGEON 


Next follows the large genus Columba, containing 
about seventy species, whose united range comprises 
practically the whole habitable portion of the world. 
In none of them are the legs feathered for more than 
half their length, while in all the first flight feather of 
the wing is longer than the sixth. ‘ 


THE ROCK-DOVE 


An important member of the group-is the rock-dove 
or blue rock (C. livia), widely spread over Europe, 
and extending as far as India in the east, where it 
meets the nearly-allied but grey-rumped GC. inter- 
media; while southwards it ranges to the north 
and west coasts of Africa, where it comes into 
contact with another closely related bird (C. gymno- 
cyclus), differing only in having the plumage dark 
bluish or blackish slate-colour, and perhaps being 
nothing more than the descendant of domesticated 
pigeons. 

In the wild blue-rock the general colour is grey, the 
rump white, the neck and the upper part of the breast 
are metallic green and purple, and there are two narrow 
black bars across the wing and a broader one near the 
end of the tail. This bird frequents districts abounding 
in caves and deep fissures, and 1s common along the 
northern coasts of Scotland and Ireland, wherever 
suitable resorts occur. The nest is placed on a ledge 
or in a crevice of the rock in a cavern where little light 
penetrates. 


THE STOCK-DOVE 


Another wild British species is the stock-dove 
(C. enas), often confused with 
the rock-dove, which it re- 
sembles in size and general 
colour, although distinguished 
by having the rump grey 
instead of white (page 1405). 
This pigeon is especially 
common in the southern 
and eastern counties of 
England, where large flocks 
may be seen feeding in the 
fields, frequently in com- 
pany with wood-pigeons. It 
breeds on open ledges in the 
face of a steep cliff (never 
in caves), and in_ rabbit- 
burrows where the soil is hght 
and sandy, or under the shelter 
of dense furze ; and numbers 
of nests are placed in trees, a 
favourite situation being 
among the dense bunches of 
twigs surrounding the stems 
of old elms. 


THE WOOD-PIGEON 

The third and largest British 
species is the wood-pigeon 
(C. palumbus), distinguished 
by the broad white patch on 
each side of the lower part of 
the neck as well as by its 
variously-tinted breast and 
the white band along the edge 
of the wing (p. 1405). Itranges 
across Europe into Asia as far 
east as Northern Persia, and 
is also found in North-Western 
Africa, the Azores, and 
Madeira. The destruction of 
the larger birds of prey, as well 


as the extent of land devoted to plantations and green 
crops, probably accounts for the vast increase in 
numbers of this pigeon which has taken place in 
recent years. 

That the countless swarms of these voracious birds 
in parts of the country do an immense amount of damage 
cannot be denied, but much of their food often consists 
of the seeds of noxious weeds or useless plants, as may 
be ascertained by examining the contents of their 
crops. Mr. Booth remarks that “ shortly before harvest 
wood-pigeons may often be seen flying in small parties 
to the fields otf wheat and barley; after wheeling 
round for a time, the birds will disappear from view 
into the standing corn. An examination of the state of 
the ground on which they were lost sight of would 
doubtless cause astonishment to those who imagined that 
the birds were in pursuit of grain; on reaching the 
spot it would be discovered that for a considerable space 
the crop was exceedingly scanty, completely choked, 
in fact, by a mass of weed rank and strong, whose seeds, 
well-nigh ripe, had proved the sole attraction. Immense 
flights of these birds arrive on the north-east coast in 
October and November from the Continent, and 


about that time of year large flocks, which have recently 
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arrived exhausted by their long journey, may be 
observed fluttering along the coast and about the fir- 
plantations. In the London parks these pigeons have 
become some of the commonest birds, and are steadily 
increasing in numbers, many pairs breeding each year. 


BAND-TAILED PIGEON 

The band-tailed pigeon (C. fasciata), which resembles 
the wood-pigeon in having a narrow white band or 
half-collar on the nape, and inhabits the western states 
of Noith America as well as Central America, exhibits 
certain peculiarities in its mode of life In Oregon, 
for example, it sometimes breeds on the ground, and 
the normal number of two eggs is laid; but in 
Arizona, where it appears to nest in nearly every month 
of the year, only a single egg is laid. ae 

When frightened, this bird is often in the habit of 
carrying off its eggs from the nest. Mr. O. C. Poling 
remarks that ‘“‘in regard to their carrying the egg 
about, I have, in addition to the cases noted, shot 
two other females having the egg embedded in the 
feathers of the belly, and further held by the legs while 
flying; but in such cases they seem simply to alight 
on the limb of a spruce, and incubate there without 
any nest. This accounts for the shooting of pigeons 
having a broken egg smeared over the feathers, as 
I have done, when no nest was to be seen.” 

Some of the species of Columba found in the islands 
of the Pacific are more brilliant in colouring than 
their northern representatives, and among these may 
be mentioned C. albigularis of New Guinea, in which 
the plumage is blackish slate-colour, 
with the edges of the feathers metallic 
purple changing into green, and the 
cheeks and throat white. 


MAURITIUS PIGEON 

Among other genera of the group, 
mention may be made of Nes@nas, with 
one species (N. meyert) from Mauritius, 
distinguishedsby having the first flight 
feather equal to the sixth. The colour 
is pale pink, darker on the mantle, and 
shading into brown on the back and 
wings, while the tail is uniform cinnamon- 
colour. 

SHARPE’S PIGEON 

Turturena contains some half-dozen 
of the smallest species of this group, 
none of them exceeding a dove in size, 
and all having the hind part of the neck 
brilliantly ornamented with metallic 
colours. They inhabit Africa, and differ 
from other Columbine in that there is 
often a great dissimilarity in the colours 
of the plumage in the two sexes. 
One of the handsomest species is 
Sharpe’s pigeon (ZI. sharpet), from 
Mount Elgon. 


LONG-TAILED PIGEONS 


The long-tailed pigeons of South-Eastern Asia and 
the islands of the Pacific are distinguished by having 
the tail longer than the wings, in which respect they 
resemble the passenger-pigeon, the type of the third 
section of this group, although it differs in having 
the feathers of the tail broad and round at the tip. 
Four genera, including some thirty species, are recog- 
nised, although little has been recorded of their 
habits. In Turacena the two species have the beak 
moderately strong, and the tail somewhat rounded, 
with the outer feathers much more than half the length 
of the middle pair. The Celebean 7, menadensis 


has the plumage slate-black, with the face and throat 
white, while in J. modesta, of Timor, it- is uniform 
slate-colour ; both being ornamented with shades of 
metallic green, lilac, and blue. 

The great majority of long-tailed pigeons belong, 
however, to the genus Macropygia, commonly known 
as cuckoo-pigeons. All these birds have the tail much 
graduated and wedge-shaped, the outer feathers being 
less than half the length of the middle pair, and the 
general colour of the plumage rufous, chestnut, or 
cinnamon. 

In the male of the Indian cuckoo-pigeon (M. 
tusalia) the forehead, chin, and throat are purplish 
buff, and the top of the head and the rest of the upper 
parts shining metallic green with purple and bronze 
reflections, the latter being also irregularly barred with 
black and purple chestnut; the under parts are 
purplish grey shading into buff on the abdomen, and 
glossed on the chest with golden green and bronze, 
the quills brown, the middle pair of tail feathers 
barred with black and vinous chestnut, and the-outer 
pairs mostly grey. The female 1s less brightly coloured, 
and has most of the under parts barred with brownish 
black. = 


STOCK-DOVE 


AND WOOD-PIGEON 


These birds are of shy disposition, keeping to thick 
forest and associating in small flocks, which feed chiefly 
in trees and seldom descend to the ground. In Nepal 
the two white, or sometimes creamy, eggs are laid in 
May and June, and the nest, which is the usual loose 
platform of sticks, is placed on some horizontal branch, 
at no great height from the ground. 

The other genera are characterised by the strong and 
thick beak and the wedge-shaped tail. The first of 
these, Rernwardtenas, distinguished by having no crest, 
contains three species, ranging from Celebes to the 
Duke of York Island ; Reinwardt’s long-tailed pigeon 
(Fe. veinwardt’) having the head, neck, and mantle pale 
lavender, the back, wings, and middle tail feathers 
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chestnut, and the front of the neck and breast white 
shading into lavender on the abdomen. 

In Coryphenas, containing one species (C. crassi- 
vostvis) from the Solomon group, the plumage is slate- 
colour, darker on the upper surface, with the head 
dusky brown and the feathers on the back of the head 
lengthened into a greyish brown 
Crest. 


PASSENGER-PIGEON 


Another section of long-tailed 
pigeons is represented only by the 
well-known passenger-pigeon Ecto- 
pistes migratorius of North and 
Central America, characterised by 
the length of the wings exceeding 
that of the tail, and the narrowness 
of the latter, in which the tips of the 
feathers are pointed. In the male the 
head and upper parts of the body 
are bluish grey, spotted with black 
on the wings; the quills brownish 
black with grey edges, the chin 
whitish grey, and the breast cinna- 
mon-rufous shading into pale purplish 
on the rest of the under parts, and 
white on the under tail coverts. The 
back and sides of the neck glitter 
with golden and violet metallic“ 
colours. In the female the upper 
part of the breast is brownish, | 
shading into white on the abdomen ° 
and the rest of the under parts. f 

The vast numbers by which this ™ 


pigeon was formerly represented || 
have greatly diminished during \ 
recent years. Mr. Brewster writes \.. 


Ree NN 


that in Michigan “we found that 
large flocks of pigeons had passed dost 
there late in April, while there were reports of similar 
flights from almost every county in the southern part of 
the state. Although most of the birds had passed on 
before our arrival, the professional pigeon-netters, 
confident that they would finally breed somewhere in 
the southern peninsula, were busily engaged getting 
their nets and other apparatus in order for an extensive 
campaign against the birds. Our principal informant 
said that the last nesting of any importance in Michigan 
was in 1881, a few miles west of the Grand Traverse. 
It was only of moderate size, perhaps eight miles long. 

“ Subsequently, in 1886, Mr. Stevens found about 
fifty dozen pairs nesting in a swamp near Lake City. 
He does not doubt that similar small colonies occur 
every year, besides scattered pairs. In fact, he sees 
a few pigeons about Cadillac every summer, and in the 
early autumn young birds, barely able to fly, are often 
met with singly or in small parties in the woods. Such 
stragglers attract little attention, and no one attempts 
to net them, although many are shot. The largest 
nesting he ever visited was in 1876 or 1877. It began 
near Petosky, and extended north-east past Crooked 
Lake for twenty-eight miles, averaging three or four 
miles wide. 

“The birds arrived in two separate bodies, one 
directly from the south by land, the other following 
the east coast of Wisconsin, and crossing at Manitou 
Island. He saw the latter body come in from the lake 
at about three o’clock in the afternoon. it was a 
compact mass of pigeons, at least five miles long by 
one mile wide. The birds began building when the 
snow was twelve inches deep in the woods, although 
the fields were bare at the time. So rapidly did the 
colony extend its boundaries, that it soon passed 


literally over and around the place where he was 
netting, although, when he began, this point was 
several miles from the nearest nest. Nestings usually 
start in deciduous woods, but during their progress the 
pigeons do not skip any kind of trees they encounter. 
“The Petosky nesting extended eight miles through 
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hardwood timber, then crossed a river-bottom wooded 
with arbor-vite, and thence stretched through white- 
pine-woods about twenty miles. For the entire dis- 
tance of twenty-eight miles every tree of any size had 
more or less nests, and many trees were filled with them. 
None were lower than about fifteen feet above the 
ground. 

‘Pigeons are very noisy when building. They 
make a sound resembling the croaking of wood-frogs. 
Their combined clamour can be heard four or five 
miles away when the atmospheric conditions are 
favourable. Two eggs are usually laid, but many 
nests contain only one. Both birds incubate, the 
female between 2 o’clock p.m. and g or 10 o’clock the 
next morning ; the males from 9 or to o’clock a.m. to 
20’clock p.m. The males feed twice each day, namely, 
from daylight to about 8 o’clock a.m., and again late 
in the afternoon. The females feed only during the 
forenoon.” 


MOURNING-DOVES 


All the preceding members of the family are more 
or less arboreal in their habits, and consequently may 
be collectively termed tree-pigeons. In contradistinc- 
tion to these 1s a large group whose members live much 
on the ground. These ground-pigeons, which form the 
subfamily Per7sterine, include nearly all the remaining 
species, and are distinguished from the tree-pigeons by 
having the legs equal to or longer than the middle toe. 
Seven sections are recognised, in the first six of which 
the feathers of the neck are never hackled. 

In the first section the so-called mourning-doves, 
readily distinguished by having a blackish, more or less 
metallic, spot below the ear coverts, include thirteen 
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rather small American species, placed in four genera, 

the first of which (Zenaidura) resembles the two 

following ones in having the scapulars and upper wing 

coverts spotted with black. Its members agree with 

those of the next genus in having the tail composed of 

fourteen feathers and the beak nearly straight, but 

differ in the longer and generally wedge-shaped tail. 
All the four species of the former are North and 

Central American, the best : 

known being the mourn- | 

ing-dove (Z. carolinensis) 

of the United States, 

Central America, and the 

West Indies. In the male 

of this species the crown 

and upper parts of the 

body are bluish, mostly < 

washed with light olive 


brown; the rest of the ‘ 
head and under parts being \ 
cinnamon - buff, tinged t\ 


with purple on the breast. 
The female is smaller, and 
has the under parts brown 
like the back, but paler. 
These doves are frequently 


bred in gardens and shrub- Meg 
beries near dwelling- 4 
houses, <teeding among 


domesticated fowls. 

Never occurring in large 
flocks like passenger- 
pigeons, they are usually 
found in small parties of B 
from six to a dozen ‘ 
or more, but in 
autumn, previous to 
migration, may be 
met with in flocks of 
fifty or sixty.. They 
are fond of alight- 
ing in roads, where 
they may often be 
seen searching for 
suitable food or 
gravel, or taking dust-baths, of which they are very fond. 
In the more arid districts of the west, such as Southern 
Arizona, where water is scarce, these doves visit regular 
watering places in the morning and evening, to which they 
may be seen coming in small parties from all directions. 

The nesting sites chosen are variable, and in some 
localities, such as the Carolinas, these doves nest chiefly 
on the ground, while they are said occasionally to Jay 
their eggs in the nests of other birds. The old birds 
are attentive to their young, even long after they have 
left the nest, and the female has been observed brood- 
ing fully-fledged young. As many as four eggs have 
been found in one nest, but whether these were all laid 
by one bird is uncertain. 

“The mourning-dove,”’ writes Mr. W. H. Dutcher, “is 
found in all parts of temperate North America from the 
Atlantic to the Pacific, and north to Ontario; sparingly 
in Manitoba and British Columbia. Its southward 
range extends to Panama and through the West Indies. 
In the northern portion of its range it isa summer visitor, 
although an occasional individual may be found quite 
far north even in the severest winter weather, provided 
the food supply is suitable and abundant. Between 
latitudes 30° and 38° it is a permanent resident, bat 
south of 36° it is an abundant resident. I breeds in 
all parts of the United States, raising two broods and 
possibly in some instances three in a season. Its 
nest is usually a frail platform of twigs, if placed in a 
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bush or tree, but in many instances the eggs are laid 
on the ground, especially in the treeless west. Unusual 
nesting sites are frequently selected, such as the 
abandoned nests of other species of birds, tops of 
stumps, rocks, sheds, etc.” be 
The species of the genus Zenarda, inhabiting the West 
Indies and Central and South America, differ in 
having the tail only moderately long and rounded. 
The zenaida dove (Z. 
be amabilis) of the West 


2) Indies has the upper parts 


brown, with some black 

spots on the wings, the 

chin white, the cheeks and 
ee throat rufous, two steel- 
blue spots above and below 
{he ear coverts, and the 
top of the head, breast, 
and under parts purplish. 
The quills are black, edged 
with white, and _ there 
is a conspicuous white 
‘band at the end of the 
secondaries. 
~ More or less solitary in 
'_ habits, it is never met with 
“i in flocks, nor does it 
' breed in communities. Its 
food consists of smallseeds; 
the principal part of its 
time is spent on the ground, 
and when flushed it flies 
off in a straight line much 
like a quail. The nesting 
habits vary in different 
localities. In the Bahamas 
these birds have nested in 
the fork of a fallen tree 
about three feet from the 
ground, while others lay 
in holes in rocks. Among 
the islands at Indian Key 
the nest is placed in a 
small hole scooped in the 
sand, and composed of 
dry leaves and twigs, with a matted inner lining of 
blades of dry grass, the whole structure being more 
compact than that of other pigeons. 

Writing of another South American species (Z. 
auriculatz), distinguished by having no white tips to 
the secondary flight feathers, Mr. W. H. Hudson 
observes, that it “‘is the commonest species of the 
pigeon tribe in the Argentine country, and is known 
to every one as the ‘ torcasa,’ probably a corruption 
of tortola, or turtle-dove. In autumn these doves 
often congregate in very large flocks, and are sometimes 
observed migrating, flock succeeding flock, all travelling 
in a northerly direction, and continuing to pass for 
several consecutive days. But these autumnal migra- 
tions are not witnessed every year, nor have I seen 
any return migration in spring ; while the usual autumn 
and winter movements are very irregular, and ap- 
parently depend altogether on the supply of food. 

“When the giant thistle has covered the plains in 
summer, incredible numbers of torcases appear later 
in the season, and usually spend the winter on the plains, 
congregating every evening in countless myriads wher- 
ever there are trees enough to form a suitable roosting 
place. On bright warm days in August, the sweet and 
sorrowful sob-like song of this dove, composed of five 
notes, is heard from every grove—a pleasing, soft, 
murmuring sound, which causes one to experience by 
anticipation the languid summer feeling in his veins.” 
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GALAPAGOS PIGEON 
The Galapagos pigeon (Nesopelia galapagoénsis), 
which alone represents a genus restricted to the islands 
from which it takes its name, has the beak long and 
bent downwards, and the tail rather short, rounded, 
and composed of twelve feathers. 


WHITE-WINGED DOVES 
Of the white-winged doves two species are known, 


the one (Melopelia leucoptera) from the south-western 


United States, Central America, and the West Indies, 
and the other (MW. meloda) from Peru and Chile. They 
are distinguished from the mourning-doves by the 
absence of black spots on the wings, while there is a 
white patch on the upper wing coverts. The northern 
species has a note bearing a close resemblance to the 
first efforts of a young cock attempting to crow, and 
this call is frequently uttered and in various keys. In 
Arizona, towards the end of summer, this bird, which 
is by no means shy, collects in small parties. 


TURTLE-DOVES 

The familiar turtle-doves form the second section 
of the ground-pigeons, and include a large number cf 
Old World species divisible into five subgenera. They 


differ from the mourning-doves in having no black 
spot below the ear coverts, and the neck ornamented 
with a more-or less distinct dark collar, or with dark 
In the three sub- 


scale-like patches on the sides. 
genera Turtur, Homo- 


the outer pairs are greyish black broadly tipped with 
white. The male is rather larger than the female, and 
has the plumage brighter and purer in colour (page 1405). 

The turtle-dove, which is a summer visitor to the 
British Isles, where it is one of the latest migrants, 
not arriving till the end of April or the beginning of 
May and departing in September, may be distinguished 
from other British pigeons by its smaller size. Shortly 
after its arrival it begins to build its nest, which 
is loosely constructed of slender twigs and placed 
in a thick bush, tree, or dense hedge at no great height 
from the ground. Two small creamy white eggs are 
laid, and both parents take part in the incubation, 
which lasts about a fortnight, two broods being somc- 
times reared in the season. 

The turtle-dove is chiefly met with 1n woods, and is 
partial to thick coverts and fir-plantations, where its 
low prolonged coo may be constantly heard, though 
the bird itself is rarely seen, preferring the seclusion 
afforded by the thick foliage to the outer branches 
of the trees. Its flight is always extremely rapid, and 
when among trees it can turn and twist with extra- 
ordinary ease and swiftness. It sometimes flies great 
distances in search of food and water, and may be often 


- seen in cultivated fields searching for grain and seeds, 


although seldom in such large flocks as other pigeons. 
In Britain it is a shy bird, at the slightest sign of danger 

quickly seeking shelter in the nearest covert. 
All the members of the subgenus Homopelia, which 
have the upper wing 


pelia, and Streptopelia 
the feathers of the 
neck are normal, in 
the fourth (Spzlopelia) 
those of the hind 
neck, and in the fifth 
(Stigmatopelia) those 
of the-fore neck are 
forked at the ex- 
tremity. The first 
two may also be re- 
cognised by having 
two scale-like patches 
of dark feathers. on 
the sides of the neck, 
while Streptopelia has 
acomplete blackcollar 
on the hind portion 
of the neck. 

In the more typical 
turtle-doves, Turtur, 
the wing coverts are 
mottled, with the 
middle line of the 
feathers darker than 
the edges. Of these, 
the turtle-dove (T. 
communis) is widely \ 
distributed over 
Europe, extending so 
far east as Yarkand, 
and ranging south- 
wards in winter to 
Minica, whenes it 
reaches at least so 
far south as Shoa. The crown and hind part of the neck 
are bluish grey, with a black patch of white-margined 
feathers on each side of the neck, the back is pale 
brown, the inner wing coverts cinnamon-brown with 
dark middles, and the outer coverts grey washed below 
with ashy, the chin nearly white, and the throat and 
breast purplish shading into white on the belly; the 
quills and the two middle tail feathers being brown, while 
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coverts uniform in 
| colour, inhabit Mada- 
gascar and the ad- 
| jacent islands. The 
| third subgenus, Strep- 
topelia, distinguished 
1 by having a_ black 
' collar round the hind 
neck, includes over a 
dozen species, but it 
is uncertain from 
which of these the 
domesticated  turtle- 
dove (T. rvisovius) has 
been derived. 

As an example of 
this group may be 
mentioned the Tran- 
quebar dove (T. 
tvanquebaricus), from 
India, in which the 
general colour is red ; 
the lower part of the 
' back, rump, and flanks 
grey, the head, under 
wing coverts, lower 
portion of the abdo- 
men, and under tail 
coverts similarly 
coloured but paler, the 
outer wing coverts 
darker, the chin 
whitish, the purplish 
red upper parts sepa- 
rated from the grey of 
the head by a black collar on the hind half of the 
neck, and the quills blackish with pale edges. 

The nearly allied T. humilis of the Indo-Chinese 
countries is distinguished by having the under wing 
coverts much darker and of a grey colour. In Tenas- 
serim it is found in larger or smaller flccks, very wild 
and difficult to approach, and keeping to the thin tree 
and bamboo jungle. Such flocks are often seen in the 
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vicinity of cultivated land, feeding on the ground, and 
when disturbed rise together and settle on the same 
tree, sometimes a leafless one, sometimes one with 
plenty of toliage. 

The three species constituting Spilopelia are dis- 
tinguished by having the feathers of the hind part 
of the neck forked at the extremity, and black orna- 
mented with two white spots at the tip. The Burmo- 
Malay T. tigvinus, recognisable by the dark brown shaft- 
line on the wing coverts, is the common dove of Tenas- 
serim, where it is met with in gardens, fields, and 
grass-land ; in fact, wherever the country is open, but 
not in forest or on the higher hills. It is sometimes 
seen singly or in pairs, at other times in small flocks or 
in hundreds. 

The last group, Stigmatopelia, includes three species 
which may be recognised by having the feathers of the 
fore neck forked at the extremity, and black with two 
rufous spots at the end. They have a wide range, the 
Senegal turtle-dove (7. senegalensis) being found all 
over Africa, while the brown turtle-dove (T. cam- 
bayensis) ranges from Asia Minor to Central India, 
and a third species, T. erymannt, inhabits Bokhara. The 
first-named is characterised by the plumage of the upper 
parts being more or less reddish, and the rump bluish grey. 

Yet another section, containing three genera, with a 
few small species from both the Old and New Worlds, 
is characterised by the short rounded wings, a rather 
long tail of fourteen feathers, and no metallic tint on 
the sides of the neck or elsewhere. The Old World 
species belong to the genus Geopelia, ranging from Burma 
to Australia, and have the first quill-feather pointed at 
the extremity. The American genus Scardafella 
includes three doves about the size of sparrows, with 
the first flight feathers normal, and the tail of twelve 
feathers; the Inca dove (S.inca) from Northand Central 
America being a well-known example. Only a single 
species (Gymnopelia erythrothorax) is included in the last 
genus, distinguished by the large naked patch surround- 
ing the eye. 

AMERICAN DOVES 

The members of six American genera constituting 
another section are collectively 
characterised by their small size and 
the general uniform colouring of the 
plumage; the wings being, as a 
rule, ornamented with metallic 
spots, and rather short and rounded, 
while the primaries are not much 
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longer than the secondaries. In 
five of these genera the tail is 


rather longer than half the length of 
the wing; while the two last may 
be distinguished by having the first 
primary pointed at its extremity. 

The picui dove (Columbula picut), 
the only representative of its genus, 
is peculiar in having a steel-blue band 
across the wing, and by the middle 
and outer pairs of tail feathers being 
shorter than the intermediate ones. 
Restricted to South America, it is 
the smallest dove of Argentina, where 
it is a resident, frequenting the 
neighbourhood of houses ; its song, 
consisting of a succession of long, 
rather loud and somewhat monoto- 
nous notes, may often be heard in 
summer or even on warm days in 
winter. About a dozen small 
species, ranging from the Southern 
United States to South America, 
represent the genus Chamzpelva, in 


which the tail is shorter than the length of the wing 
and rounded at the extremity, the middle feathers 
being longer than the outer ones. The remaining 
genera may be passed over without notice. 


CINNAMON-DOVE 

The South African cinnamon-dove (Haplopelia 
larvata) may be taken as a well-known representative 
of an extremely numerous section of ground-doves 
represented by somewhat partridge-like birds with no 
well-defined metallic spots or bands, although a violet 
patch may be present near the bend of the wing. The 
metatarsus is stout and longer than the third toe, and 
in the short and rounded wings the primaries exceed 
the secondaries in length. Of the nine genera, the one 
mentioned, which has seven African species, is charac- 
terised by the primary feathers being broad and not 
tapering to a point, while in the remaining eight they 
are narrow and more or less pointed. 

The cinnamon-dove is distinguished from: its allies 
by having the forehead white, the top of the head, 
hind part of the neck, chest, and upper half of the 
breast metallic coppery.purple, the back and wings 
olive brown, and the abdémen and under tail coverts 
pale cinnamon. The zamoen duif, as the Boers call 
this bird, is common in the dense bush along the coast 
of Natal, where its brown colouring renders it difficult 
to detect as it sits motionless among the dense creepers. 
Never appearing in the open, it is generally seen on 
the ground beneath trees, silently and busily searching 
for food. 

Of the remaining genera with narrow primaries, 
two have the outermost pointed at the extremity ; 
Leptoptila being distinguished by the tail equalling 
more than half the length of the wing. The species 
range from Texas through Mexico and Central America 
to Peru and Argentina, and may be divided into a 
long-tailed and a short-tailed group. Two handsome 
species form the genus Oscwulatea, in which the length 
of the tail is less than half that of the wing. 

In six allied genera the first primary is not pointed at 
the tip ; the first five of these agreeing with one another 


BLOOD-BREASTED DOVES 


the tail is composed of less than twenty feathers. 


WONGA-WONGA DOVE 


BLUE-BEARDED CUBAN DOVES 


in having the front of the metatarsus covered with 
transverse scales, while in the three next mentioned 
Of 
these the Central and South American genus Geotrygon 
is also characterised by its rather short tail of twelve 
feathers, while Phlogenas, of the Eastern Archipelago 
and Papua, differs in having fourteen feathers in the tail. 

More than twenty species are known, some of 


which are remarkably handsome birds, but none more 


so than the blood-breasted dove (P. luzonica), of the 
Philippines, in which the forehead and crown are pale 


grey, the top of the head, upper parts, and sides of 


the breast dark grey, with metallic purple and green 


‘edges to the feathers, the cheeks, throat, and breast 


white shading into buff below, and a large patch of 
blood-red on the middle of the breast. The quills are 
reddish brown, there are six alternate bands of grey 
and chestnut across each wing, and a black 
band near the tip of the outer tail feathers. 
Two other genera, the South American Oscu- 
latea and the Sudanese Alopecenas, with less 
than twenty feathers in the tail, are dis- 
tinguished by the greater length of that 
appendage. The first has two, and the second 
a single species. 


WONGA-WONGA DOVE 


The handsome Australian wonga-wonga 
(Leucosarcia pica’a) is the only representative 
of a genus distinguished from the two allied 
Papuan species classed as Eutrygon by the 
metatarsus being but little longer than the 
middle toe. This dove, remarkable for its 
large size, inhabits the brush-country of 
Eastern Australia, where it spends the greater 
part of its time on the ground, feeding on 
seeds and fallen fruits. The noise made by 
its wings when rising is said to resemble that 
of a pheasant, and its flight is never long 
sustained. In the two species of Eutrygon the 
metatarsus is twice as long as the third toe ; 
while the genus Oti/diphaps, including three 
large black species, with chestnut back and 
wings, from New Guinea and Fergusson Island, 
is peculiar in having twenty feathers in the tail. 


BLUE-BEARDED DOVE 


The striking blue-bearded dove of Cuba and Florida 
Keys (Stavnenas cyanocephala) alone represents the 
last genus of the present group, in which the fronts of 
the legs are covered with six-sided scales. The general 
colour of this bird is olive brown above, and dull rusty 
beneath ; the top of the head being blue margined 
with black, and a broad white stripe running below the 
eye, while the feathers of the throat and breast are 
black, tipped with blue and narrowly margined with 
white. 

CAPE DOVE 


As a well-known representative of another section 
may be mentioned the Cape dove (Gina capensis), the 
sole member of its genus. The section includes. a 
dozen genera, and about double that number of species, 
confined to the Old World; their essential characters 
being their relatively large size, and the presence of 
blue or green spots or patches on the wings. Four of 
these genera are characterised by the presence of two 
dark bands across the rump. The Cape dove, which 
may be recognised by its long, wedge-shaped tail, with 
the middle feathers more than twice.as long as the 
outer pair, ranges all over Tropical and Southern 
Africa, as well as Madagascar and Arabia. It occurs 
in pairs, and is chiefly found on the ground, seeking, 
when disturbed, shelter in low trees and bushes, but 
rarely in larger trees. The nest is placed in a low bush, 
and the two white eggs have a rosy tint, caused by the 
thinness and semi-transparency of the shell. 


AFRICAN GROUND-DOVE 


Near akin are three genera in which the tail is 
moderately long and more or less rounded; Tympan- 
istvia having the first primary pointed, while in Chalco- 
pelia and Chalcophaps this feather is normal in shape. 
The white-breasted wood-dove (Iympanistria bicolor), 
the only representative of the first genus, inhabits the 
whole of South Africa as well as Madagascar, the Comoro 
Islands, and Fernando Po. The African ground-dove 
(Chalcopelia ava), one of the two representatives 
of its genus, in addition to the characters given, may 
be recognised by the boldly marked patches of metallic 
steel blue or golden green adorning the wings.  In- 
habiting the whole of Africa south of about 17 degrees 


WONGA-WONGA DOVE 
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north latitude, it is met with in Abyssinia among 

bushes and thick underwood, and in the jungles along 

the banks of water-courses. ; 
BRONZE-WINGED DOVES 

The six kinds of bronze-winged doves (Chalcophaps 
and Phaps) distinguished by having the upper wing 
coverts metallic golden green are mostly inhabitants 
of the Indo-Malay and Australian regions, among which 
the Indian G. indica ranges from India to Western 
New Guinea. This bird has the top of the head and 
hind part of the neck dark grey, the white forehead 
and eyebrow-stripes of the male less distinct in the 
female, and the middle of the back and shoulder 
feathers golden green like the wing coverts. This dove 
is not uncommon in the well-wooded portions of 
Tenasserim, where it is found singly or in pairs in thick 
forest or shady gardens. 

Omitting mention of several genera, reference may 
be made to two Australian species in which the beak 
is feeble, and the tail has sixteen feathers. Of these 
the common bronze-winged dove (Phaps chalcoptera) 


is generally distributed all over Australia, and differs 
from its ally, P. elegans, in having the throat white 


instead of chestnut, and the breast purplish in place 
of grey. It plump, heavy bird, weighing fully a 
pound when in good condition; and _ its amazing 
powers of flight enable it to cross a great expanse ot 
country in an incredibly short space of time. Just 
before sunset it may often be seen singly, or in pairs, 
coming swiftly over the plains, or down the gullies to its 
drinking places. It feeds almost entirely on the ground, 
picking up various leguminous seeds ; and numbers of 
old and young are killed in the stubble-fields after the 
breeding season, which lasts from August to December. 
HARLEQUIN-DOVE 

A genus characterised by the feeble beak and the 
tail of fourteen feathers is represented by the peculiarly 
coloured harlequin-dove (Histviophaps histrionica) of 
North-Western Australia, in which the forehead, a 
stripe round the ear coverts, and the gorget are snow 
white, the remainder of the head, throat, and ear coverts 
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7 black, the upper parts of the 
body and middle tail feathers 
cinnamon-brown, with a patch 
of metallic purple on the inner- 
most secondaries, the under 
parts bluish grey, and the outer 
tail feathers blackish, shading 
into grey at the base, and tipped 
with white. 
| This species breeds in Febru- 
ary, depositing two eggs under 
| any low bush in the middle of 
the open plains. Towards the 
beginning of April it collects in 


large flocks, and feeds on the 
seeds of rice-grass which the 
natives collect for food. During 


the short harvest the flavour of 
this dove is delicious, but at 
other times it is indifferent. It 
flies to water at sunset, when, 
like the bronze-wing, it only wets 
ttg beak ; and it seems astonish- 
ing that so small a quantity of 
water should suffice to quench 
its thirst in the burning deserts 
which form the home of this bird. 


PENCILLED DOVES 
Omitting detailed mention of 


the white -quilled rock-dove 
(Petrophassa albipennis), which inhabits the sterile 
districts of North-Western Australia, and has the 
general plumage almost uniform dark brown, and 


the bases of the primaries white, reference may be 
made to two species forming the genus Geophaps, 
characterised, in addition to the characters already 
mentioned, by the rather stout beak. Of these the 
pencilled dove (G. scripta) has the top of the head, 


upper parts, and chest light brown, the tips of the 
upper wing coverts paler, and the inner coverts orna- 
patches of 


mented with metallic greenish purple, 
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the cheeks, ear coverts, and throat white 
bordered by a black band in front of the 
eye, a second black band on the cheek, a 
third above the eye, the rest of the under 
parts grey, shading into fawn-colour, the 
quills brown edged with pale rufous, and 
the tail reddish brown, with the outer 
feathers tipped with black. 

This bird, which inhabits the plains, is 
most abundant in the neighbourhood of 
water, and sometimes observed in pairs, 
but more frequently in small flocks of from 
four to six. When approached, instead of 
taking flight, it runs rapidly in the opposite 
direction, and crouching down, either on 
the bare plains oramong the scanty herbage, 
remains till all but trodden on. When it 
rises, its flight is rapid, and accompanied 
by a loud, whirring noise of the wings. No 
nest is made, the two eggs being deposited 
on the bare ground, and the young are able 
to run when no larger than quails. 


PLUMED BRONZE-WINGED DOVE 


The two last genera of bronze-winged 
doves are distinguished by having the head crested, 
and they differ from one another in the shape of 
the tail feathers, which are short and nearly even 
in Lophophaps, while in Ocyphaps they are elongated, 
with the middle pair longer than the outer ones. 
Of the former, there are three Australian species, all 
with the general colour cinnamon, the innermost 


secondaries showing a black band down the middle, 
beginning on the chin and joining the gorget, which 
coloured, 

typical 


and the breast with 
plumed 


is similarly 


a grey 
band. The 


bronze-winged dove 
(L. plumifera), of 
North-Western 
ACU Seine l taal Ss 
generally seen 
perched on a 
rock, basking in 
the heat of the 


ALBERTIS’?’ CROWNED PIGEON 
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sun, and being exceedingly wild, taking flight at the 
shghtest noise. 


CRESTED. BRONZE-WING 


The crested bronze-winged dove (Ocyphaps lophotes), 
the only representative of its genus, is a native of 
the interior of Northern and Eastern Australia. Its 
crest 1s black, the head and under parts are grey, the 
sides of the neck and breast pinkish salmon-colour, 
the back and rump olive grey, and the upper tail 
coverts greyish brown edged with white. The smaller 
wing coverts are greyish buff, banded with black, 
and the greater coverts and secondaries edged with 
white, and mostly ornamented with metallic green and 
purple. The primaries are greyish black, the middle 
tail feathers brown, and the outer pairs brownish 
black, glossed on their outer webs with green, blue, 
and purple. 

In respect of habits, Mr. J. Gould observes that 
this dove “frequently assembles in very large 
flocks ; and when it visits the lagoons or river-sides 
for water during the dry seasons generally selects 
a single tree, or even a particular branch, on which 
to congregate before descending simultaneously to 
drink. Its flight is more rapid than that of any 
member of the group to which it belongs ; and impetus 
being acquired by a few quick flaps of the wings, it 
goes skimming off apparently without any further 
movement of the pinions. Upon alighting on a branch, 
it elevates its tail and throws back its head, so as to 
bring them nearly together, at the same time erecting 
its crest, and showing itself off to advantage.” 

NICOBAR PIGEON 

An altogether unique and bizarre type is presented 
by the beautiful Nicobar pigeon (Calenas nicobarica), 
which has a wide range, inhabiting not only the islands 
from which it takes its name, but extending through 
the Mergui and Malay Archipelagoes to the Solomon 
Islands. Together with a smaller species (C. peleuensis), 
of an indigo-blue colour, from the Pelew Islands, and 
a third (C. maculata), whose home is at present unknown, 
the Nicobar pigeon represents not only its genus 
but likewise a special section of the family distin: 
guished from all the preceding groups by the elongated 
and narrow feathers of the neck, which resemble the 
hackles of a game-cock. 

The general colour of the plumage is metallic green 
with copper-coloured reflections, but the under parts 
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are less brightly coloured than the beak; the head, 
neck, and upper part of the breast are nearly black, 
the quills much the same colour, and the short tail and 
its coverts pure white. The beak and the knob at the 
base are black, and the legs and feet dark purple. 

In one of the Nicobar Islands these birds swarm, 
and in the early morning may be seen flying from the 
island in flocks out to sea, doubtless to other islands 
of the group to feed. When well up in the air, the 
flight is swift and powerful, and 
somewhat like that of sand-grouse. 
Having wandered some distance 
away from the rest of his party, 
and reached a part of the jungle 
where the birds had not been 
disturbed, one explorer found him- 
self surrounded by a flock of at 
least thirty old and young pigeons. 
Their gait is pigeon-like, and while 
digging among the dead leaves in 
search of food with their bills they 
are very silent, their only note being 
a hoarse croak. They are always 
met with on the ground, and when 
disturbed invariably perch on the 
thicker branches along which they 
often walk. The Nicobar pigeon 
builds a nest of sticks, in which 
the single egg is laid. 


CROWNED PIGEONS 


The magnificent birds included in 
this genus, which forms a subfamily 
(Gaurine) by itself, are the largest 
existing representatives of the order, 
and characterised by the erect fan- 
shaped crest adorning the head, and 
are further distinguishe d by having }8 
the metatarsus covered all over with 
small six-sided scales. Exclusively 
Papuan in their distribution, all the 
six species inhabiting New Guinea 
and the Papuan Islands are charac- 
terised by the bluish slate general 
Victorian crowned pigeon (Goura 
from its allies in having the tipse of the crest 
feathers spatulate or club-shaped. Very little has 
been recorded concerning the habits of these splendid 
birds, but they appear to spend much of their time on 
the ground in search of food, and, being remarkably 
stupid, may be easily approached within gunshot. 


THE 


but the 
differs 


colour, 
victort@) 


TOOTH-BILLED 


The Albertis’ crowned pigeon (G. albertis?) is a native 
of South-Eastern New Guinea, where it was discovered 
by the explorer from whem it takes its name, while the 
typical representative of the genus inhabits the western 
side of Papua and some of the neighbouring islands. 4 


THE TOOTH-BILLED PIGEON 
Representing a family (Didunculide) by itself, 
the rare ‘and remarkable tooth - billed pigeon 


(Didunculus strigivostris) 1s perhaps 
the most interesting repre- 
sentative of the whole group, on 
account of its kinship to the 
dodo. An inhabitant of the Samoan 
Islands, this pigeon possesses a 
remarkably heavy and _ powerful 
beak and short, strong legs. The 
/ head, mantle, and chest’ are 
) met tallic green, the rest of the 
upper parts chestnut, and the under 
parts brownish black. The beak is 


orange and the legs and feet are 
reddisk ochre. 


These birds now feed mainly in 
trees, whereas they formerly procured 
food on the ground. “I did not 
attribute much importance to that 
fact,” writes Mr. Whitmee, “ be- 

cause, the bird being wary, I thought 
its destruction by “wild cats to be 
chiefly in the night when roosting, 
or when on the nest during the 
process of incubation, while rats 
would also destroy the eggs or young 
in the nest. Hence, I did not see 
how a change in the place of feeding 
could alone account for the increase 
of the bird. I therefore made 
particular inquiries from natives 
as to its roosting; and from the 
information thus procured I believe 
the Diduncult almost invariably 
now roost upon the high branches 
of trees instead of upon low stumps as formerly.”’ 

The nest is so rarely found that few opportunities 
occur of learning where it is built, but it appears that 
it is generally situated in the fork of a tree, although 
formerly the bird nested on the ground. The eggs are 
white. Verging some years ago on extinction, from 
the assumption of arboreal habits, the Samoan tooth- 
billed pigeon has latterly increased rapidly in numbers. 


PIGEON 


THE DODO AND _ SOLITAIRE 


TH dodo and its near ally the solitaire (family 
Didide@) are totally extinct members of the order, 
characterised by their very large size and massive 
build, accompanied by a complete incapacity for flight. 
The members of the group were entirely confined to the 
islands of Mauritius, Réunion, and Rodriguez. Anative 
of Mauritius, and the sole representative of its genus, 
the dodo (Didus itneptus) was somewhat larger than 
a swan, with rudimentary wings, and a tail composed 
of short, curly feathers. The beak was very large and 
hooked, the body remarkably heavy, and the legs and 
feet short and stout (page 78). : 
Large, clumsy, and defenceless, the dodo was a bird 
marked out for early destruction ; and soon after its 


discovery it fell a prey to sailors, and the animals 
introduced by them into its island home. A few 
scattered relics of stuffed specimens, together with 


bones dug up from the peat of Mauritius, are all that 
are left of this bird; but fortunately a good idea of 
its appearance is given in several contemporary 


pictures. It was discovered by Admiral Van Neck 
in 1598, was still abundant in 1601, and was known to 
be living eighty years later, although by 1691 it appears 
to have been exterminated. An allied bird inhabited 
Réunion, but its precise affinities are unknown. 

The gigantic flightless pigeon of Rodriguez known as 
the solitaire (Pezophaps solitaria) survived till a later 
date than the dodo, having probably lingered on in the 
more remote parts of the island till 1761. It was much 
longer in the leg than the dodo, and had a proportion- 
ately longer neck, and the males, which were far 
superior in size to the females, were furnished with a 
peculiar ball-like excrescence on each wing. The 
French navigator Leguat, who visited Rodriguez 
in 1691, and found the solitaire abundant, has given 
a good account of its habits, and a truthful, if somewhat 
pre-Raphaelite, portrait ; while of late years numerous 
fossil bones of the solitaire have been brought to 
Europe, so that we have now a fair idea of its organisa- 
tion and affinities. 
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ODI XXII 


BPE ROGUE At 


SAND-GROUSE 


FroRMERLY naturalists were in accord in assigning to 

the sand-grouse (order Pteroclete) a position mid- 
way between the pigeon tribe and the game-birds, as is 
done here. This is, however, by no means the case at 
the present day, many naturalists regarding them as a 
connecting link between the pigeons and the plover 
tribe, although admitting that as regards their 
digestive organs they show distinct signs of affinity 
with the game-birds. 

Among the pigeon-like characters of their skeleton 
may be specially noted the great triangular deltoid crest 
of the humerus, or upper bone, of the wing, the peculiar 
shape of which is so characteristic of the pigeon tribe ; 
this deltoid crest being the projecting process on the 
right side of the upper part of the bones figured on 
thispage. To this process is attached the great pectoral 
muscle which renders these birds capable of sustained 
and powerful flight. In the game-birds this process 
(as shown in the same cut) is very differently formed, 
the edge being rounded and curved inwards instead of 
nearly flat and triangular. The species may be classi- 
fied as follows: 


FAMILY 
Sand-Grouse—Pteroclida 
GENUS 1 
Syrrhaptes 
SPECIES 
Bel alses SANG -OTOUSC i afersrcisyeie sisie ives iors wrets fo eUeraieleiaan Syrrhaptes paradoxus 
BEL OV GAIA -QLOUSE) cic wise sya di ohals ome ait s acolie tavertue eet eels she 8. tibetanus 
GENUS 2 
Typical Sand-Grouse—Pterocles 
= SPECIES 
Black-hellied/sand-grouse ~-. 42.2503 sls c cece coeses Pterocles arenarius 
Painted SANG-QLOUSE Fis accccsecscsecsccccceses sense . fasciatus 
Cigse-Parred KANG-CLOUSE <n 1-res)eeeiele eee ols's1e in selma ee P. lichtensteini 
PAN CIRAIE BAT OTOUSC 8 Sisiae cad ees we See RAE ee a P. quadricinctus 
GENUS 3 
Pin-tailed Sand-Grouse—Pteroclurus 
SPECIES 


Pin-failed, SamG@=GTOUSE = Aes sc cane since oie weiss ore ways Pteroclurus alchata 
Mad avascatanand -oT OUR aact, mrsetrisic ini ietertieeieuers so celeselorsee srs: specs P. personata 
Pyrenean pin-tailed sand-grouse.......cteccccesrcccccces P. pyrenaicus 
MISES AIG = CLOUBC Uterers Ste hct nice eheicte sieves fe 1s 6 alieasiniisvele sibyovsierar scei8 P. exustus 


The sand-grouse form a small group, of which all 
the members may be included in the single family 
Pteroclidg. "Externally they are characterised by the 
body being rather plump 
and compact, the neck 
short, and the head small. 
The beak is short and 
shaped like that of the 
game-birds, although not 
so strong ; there is never 
any naked space round 
the eyes; the wings are 
long and pointed, and the 
legs and toes are so short 
as to render it impossible 
for these birds to perch 
on trees. The general 
tone of the plumage is 
suggestive of the sandy 
arid regions these birds 
frequent, being a subtle mixture of subdued colours, 
beautiful in their arrangement and pattern, and well 
suited to afford protection by their perfect harmony 
with the surroundings. 

The majority of this group inhabit Africa and South- 
Western and Central Asia, but Pallas’s sand-grouse 
ranges in summer to the north of Lake Baikal, and 
westwards to Pekin, and the black-bellied sand-grouse 
extends to the Canary Islands and South-West Europe, 
while Madagascar contains a species, Pteroclurus 
personata, peculiar to that island, and the Pyrenean 


(B) FOWL, 


UPPER PORTION OF RIGHT HUMERUS OF (A) SAND-GROUSE, 


pin-tailed sand-grouse ( P. pyrenaicus), a western form 
of the Asiatic species P. alchata, is met with in South- 
Western Europe and Northern Africa. The flight of 
sand-grouse is swift and powerful, and on the wing 
these birds recall the members of the plover tribe. All 
are more or less migratory, and some travel immense 
distances. They are in the habit of repairing in the 
morning and evening to certain favourite drinking 
places where large numbers congregate. When drinking, 
these birds thrust their beaks into the water, where 
they retain them till their thirst is quenched, afte: 
the manner of pigeons. 

The young are covered with a close and beautifully 
patterned down, and are able to run as soon as hatched. 
The only nest is a hole scratched in the sand ; and the 
eggs, generally three in number and oval in shape, are 
double-spotted with brown and pale violet on a ground 
colour which is generally cream or buff, but more 
rarely pale red, the faint violet spots being more deeply 
imbedded in the shell than the others. The eggs are 
like those of the rails, and unlike those of the game- 
birds, which are also single-spotted. 

PALLAS’S SAND-GROUSE 

Turning to the various groups, Pallas’s sand-grouse 
(Svrrhaptes pavadoxus) represents a genus in which the 
first toe is absent, while the short front toes are densely 
covered with feathers, and the two middle tail feathers 
are produced into long, thread-like points. In Pallas’s 
sand-grouse the first quill of each wing is greatly 
lengthened and attenuated at the extremity, but in 
S. tibetanus, which is a native of Tibet, these feathers 
are much less developed. In the former the general 
colour of the upper parts is pale buff barred with black, 
the breast being pale grey shading into dirty white, and 
the under parts black. The male is distinguished by 
having the throat and a patch of feathers on each side 
of the neck rust-coloured, the rest of the head and neck 
uniform greyish, and a band of white feathers barred 
with black across the chest. In the female, on the other 
hand, the patches of feathers on the neck and throat 
are pale yellow, and the 
throat is bounded below 
by a narrow black band; 
the top of the head, back, 
and sides of the breast 
being spotted with black, 
and the band across the 
chest absent. 

Specialinterest attaches 
to this bird on account 
of the incursions which it 
has from time to time 
made into Europe, more 
often in comparatively 
small numbers, but in the 


(c) PIGEON years 1863 and 1888 in 
enormous flocks, many of 
which arrived on. the eastern coasts of Great 


Britain and spread inland to nearly every county, 
some individuals even reaching the Scilly Islands and 
Ireland, and others the Shetlands and Faroes. The 
reason of these migrations is without any satisfactory 
explanation, especially as the flocks arrive in spring. 
It seems hardly probable that they are driven back by 
stress of weather while attempting to reach their 
breeding haunts, since they are able to endure severe 
cold, and have arrived in Southern Siberia in the end of 
March. 
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BLACK-BELLIED SAND-GROUSE 

The black-bellied sand-grouse (Plevocles avenartus) 
represents a genus distinguished by the naked feet, the 
presence of the first toe, and the normal] !ength of the 
middle pair of tail feathers. Common during the cold 
season in the north-western parts of India, this bird 
does not breed within the limits of the Empire. It 
prefers the great sandy plains where water is easily 
accessible, but in places where rivers are too distant 
it frequents such tanks as are to be found. In the early 
morning ploughed land is a favourite haunt, where 
large numbers may be seen squatting close together 
and basking in the morning rays of the sun. 

Like the rest of their kind, these birds are in the habit 
of taking a midday siesta w hen the sun is hot, but when 
the weather is cold and cloudy they are moving about all 
day. They scratch in loose soil like hens till they have 
made comfortable depressions that fit them, and there 
they repose, sunning first one side and then the other, 
and apparently thoroughly enjoying the scorching heat. 
During their siesta they are never closely packed, but 
scattered over the ground singly or in twos and threes. 

Mention may also be made of the little painted sand- 
grouse (P. fasciatus) of India, which is one of the most 
beautiful of all the group, and distinguished by its 
small:size and black and white markings on the head. 
In habits it differs from the larger sand-grouse, and 
resembles the nearly-allied close-barred sand-grouse 
(P. lichtensteint), while as regards its plumage it so 
closely approximates to the small African P. quadri- 
cinctus that it can only be distinguished by the 
different arrangement of the black ‘and white bars 
adorning the smaller feathers of the w ings. This species, 
which is*seldom if ever difficult of approach, and can 
run faster than the other kinds, is usually met with in 
small packs or in pairs, and frequents the neighbour- 
hood of low, bush-clad or sparingly-wooded hills. 
These birds are nocturnal, and even in the darkest 


night they are in the habit of arriving at the edge of 
the plain at dusk and remaining there to feed and drink 
for several hours ; parties of six or seven flitting about 
noiselessly over an opening in the forest may sometimes 
be noticed long after sunset. 


PIN-TAILED SAND-GROUSE 


The pin-tailed sand-grouse (Pleroclurus, or Plero- 
clidurus, alchata) belongs to a genus differing from the 
last by the elongation of the middle tail feathers, in 
this respect resembling Syrrhaptes. This species ranges 
from Asia Minor to India, while an allied western 
form, .°. pyrenaicus, inhabits Northern Africa and 
South-Western Europe. Although the two are very 
similar, the western bird has the wide chestnut band 
across the breast much darker, and the marginal lines 
round the smaller feathers of the wing pale yellow 
instead of white. In both kinds the under parts are 
pure white, and the males have the throat black and 
the upper parts dull olive blotched with yellow, but in 
the females the throat is white and the upper parts are 
barred with black. The eastern species is a cold- 
weather visitor to the north-west of India, where 
some of the sand-grouse haBitually associate in countless 
numbers, flocks of at least ten thousand having been 
seen in that country as well as in Mesopotamia and on 
the shores of the Persian Gulf. 

A third member of the pin-tailed group is the common 
sand-grouse (P. exustus), which has the general colour 
of the plumage yellowish buff, shading into dark 
brown on the under parts in the male, while in the 
female the breast and upper part of the back are 
spotted with brownish black, and the rest of the upper 
surface is barred with the same colour. This bird has a 
very wide range, inhabiting the whole of India in locali- 
ties where the ‘rainfall i is moderate, the soil fairly dry, and 
the country open and tolerably level, and extending 
westwards across Asia and Northern Africa to Senegal. 


PALLAS’S SAND-GROUSE 
1400 


k 


ORDER XXIV. 


GALLIN 


GENERAL CHARACTERISTICS OF GAME-BIRDS 


"THE _general appearance of the game-birds (order 
Galline) is so well marked that the most in- 
/ experienced can hardly fail to recognise them. 


of them the body is com- 


_pact and stout, and the 


/neck rather long, support- 
ing a fairly large, rounded 


long, stout beak, the upper 
half of which 


Though the legs vary in 
'length, they are always 
strong 


feet, with their powerful, 
slightly curved claws, spe- 


up the ground. The wings 


extremely rapid. The tail 
_ varies 


head, with a moderately 


is arched 
and overhangs the lower. 


) and adapted for 
rapid locomotion, the first 
toe being present, and the 


cially suited for scratching . 


are concave internally, 
thus fitting close to the 
body, and the flight, 
though noisy and some- 
what laboured, is often 
greatly in shape 
and size, being 
mously lengthened and 
developed in some kinds 
of pheasants, while in 
others, as the painted 
quail, it is rudimentary 


and hidden by the upper tail coverts. 
Among the more striking skeletal characters it may 
be mentioned that the palate is of the cleft (schizo- 


CLASSIFICATION 


ORDER — 
Game-Birds—Gallinze 
FAMILY 1 
The Grouse Tribe—Tetraonide 
GENUS 1 
Ptarmigan and Grouse—Lagopus 
SPECIES 
UAT MALO ATIC areas tecatore aeialere ei seaS Lagopus mutus 
NEO CRERTOUSO eis cor cccle ie ihele cele ie ae aro L. rupestris 
Spitzbergen red grouse ........ L. hyperboreus 
OA MEEO ISG vatavonals yee ioietnisiaisieletetec sts I. scoticus 
VIEL LOW CTOUSE re ers eo: aeiso ovens piece phe ve.ors L. albus 
Rocky Mountain ptarmigan ...... L. leucurus 
GENUS 2 
Blackcock and Capercaillie—Tetrao 
SPECIES : 
BI SCK ST OUSOr. © cas eseteerouse owen Tetrao tetrix 
Caucasian black grouse...... T. mlokosiewiczi 
Capercaillie, or wood-grouse ...... T. urogallus 
piberian capercaillie....... 25.65% T. parvirostris 
Kamchatka capercaillie ...... T. camchaticus 
GENUS 3 ; 
American Grouse—Canachites 
SPECIES 


Canadian grouse.... .Canachites canadensis 


Franklin’s grouse dl ee C. franklini 
GENUS 4 ; ‘ 
Sharp-winged Grouse—Falcipennis 
SPECIES ; 
Sharp-winged grouse.,..Falcipennis hartlaubi 
GENUS 5 
Dusky’ Grouse—Dendragapus 
SPECIES 


eerie Dendragapus obscurus 
SOOtY SPOUSE. c0. Sssim eet vies own D. fuliginosus 
Michardson’s grouse: ..2.5..... D. richardsoni 
GENUS 6 
Prairie-Hens—Tympanuchus 
SPECIES ; 
eeaayesess Tympanuchus americanus 


Dusky grouse 


Prairie-hen 


enor- oe 


gnathous) type, while the breast-bone has two deep 
notches on each side of the posterior margin, and 


In all its superior process perforated to receive the 
bases of the coracoid 

= ‘ bones. ‘The feathers of 
the body are provided 
ee with after-shafts, and the 


a : 
Wh tet Att 
se ~ 


THE QUAIL 


easily scratched off, 
underlying marks characteristic of those of 


grouse and rails. 


GENUS 7 
Sage-Grouse—Centrocercus 
SPECIES 
aro On Centrocercus urophasianus 
GENUS 8 
Sharp-tailed Grouse—Pediccetes 


Sage-grovse 


SPECIES 
North American sharp-tailed grouse... .Pedice- 
cetes phasianellus 
South American sharp-tailed grouse........ a ee 
columbianus 

GENUS 9 

Ruffed Grouse—Bonasa 
SP_.CIES 


Ruffed grouse Bonasa umbellus 


GENUS 10 
Hazel-Hens—Tetrastes 
SPECIES 
Hazer-VWen Gotten. coo tec Tetrastes bonasia 
Russian hazel-hen .......... T. griseiventris 
Tibetan hazel-hen «.-.......s2.ee0 T. severtzowi 


FAMILY 2 
The Pheasant Tribe—Phasianidz 
GENUS 1 
Snow-Pariridges—Lerva 
SPECIES 
Trier Poe Lerya nivicola 
GENUS 2 
Pheasant-Grouse—Tetraophasis 
GENtS 3 
Snow-Cocks—Tetraogallus 
SPECIES 
Himalayan ‘snow-cock .......... Vetraogallus 
himalayensis 


Snow-partridge 


GENUS 4 
Red-Legeed Partridges—Caccabi3 
SPECIES 
Greek partridge... i355... Caccabis saxatilis 
CHAUBAN eeeeaterercrrse reat eia,evscars arnt 6 C. echukar 
BSN CNMDARCLIA CC wei ieei sere sitiereavereis:sieie C, rufa 
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young are in most cases 
hatched covered with 
down, although ~ well 
feathered in the case of 
the brush-turkeys, and in 
all cases are able to run 
soon after they come 
into the world. 

The nesting habits vary, 
grouse, partridges, and 
pheasants habitually lay- 

> ing their eggs son the 
» ground with little or no 
nest, while  curassows 
generally build in trees, 
and brush-turkeys place 
their eggs among sand 
and vegetable remains, 
where they are hatched 
by the warmth of the 
decaying matter and the 
heat of the sun. In the 
more typical game-birds 
the eggs, if spotted at 
all, are only marked with 
surface-spots, which are 
never possess the deep, 
sand- 


and 


OF GALLIN4E MENTIONED IN THIS WORK 


GENUS 5 
Sisi Partridges—Ammoperdix 
SPECIES 
Bonham’s partridge....Ammoperdix bonhami 
Heys Partridge ee cae aaa shoei sree A. heyi 
GENUS 6 
Francolins—Francolinus 
SPECIES 
BTAncolings racic tens tees Francolinus vulgaris 
Paintediirancolin crass selectors cele F. pictus 
Chinese francolin ...... CA A Ae ¥. chinensis 
Natal francolin'......4.. Re acevetere F. natulensis 
Hildebrand’s francclin ........ F. hildebrandi 
Johnston’s francolin ............ F. johnstoni 
Jackson’s francolin .... ...F, jacksoni 
Hirckellisiiran colin. cinccrereceremetemts T. erckelli 
GENUS 7 
Bare-Throated Francolins—Pternistes 
GENUS 8 
Typical Partridges—Perdix 
SPECIES 
PAS CLEGRE =o is eycooyeteorete ter ctcutie siebare Perdix cinerea 
Bearded partridge ...... Staten stehes P. daurica 
Hodgson’s partridge ...... ie vec ke hodgsoni 
Kansu partridge. 7.5.5... see vos see elani ca 
GENUS 9 
Madagascar Partridge—Margaroperdix 
SPECIES 
Madagascar partridge.......... Margaroperdix 


_ madagascariensis 
GENUS 10 
Bush-Quails—Pedicula 


__ SPECIES 
Jungle bush-quail.......... Pedicula asiatica 
Rockgowshequall eee. cate ee P. argunda 
: GENUS 11 
Painted Bush-quails—Microperdix 


r _. SPECIES 
Painted bus -quail.Microperdix erythrorhyncha 


ary Y? 
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GENUS 12 
Tree-Partridges—Arboricola 


: SPECIES 
Hainan tree-partridge ...... Arboricola ardens 
Himalayan tree-partridge ......A. torqueolus 


GENUS 13 
Wood-Partridges—Caloperdix 
GENUS 14 
Rollulus 
SPECIES 
Red-crested wood-partridge . 
GENUS 15 
Melanoperdix 
SPEOIES 
Black wood-partridge...... Melanoperdix niger 
GENUS 16 
i Coturnix 
SPECIES 
GAME ek Soe ee Oe eke ( satel ad communis 
POE URE Hd on Rie cara Beau d eons sor . japonica 
South African quail ......... etre ra capensis 
GENUS 17 
Syneecus 
SPECIES 
Australian quail........ 


Painted Quail—Excalfatoria 
SPECIES 
Painted quail. ....6.. 5. 


. Rollulus roulroul 


..Synecus australis 


Rufous-breasted Partridge—Ptilopachys 
SPECIES 
African rufous-breasted partridge. . Ptilopachys 
fuscus 
GENUS 20 
Ba.nboo-Partridges—Bambusicola 
SPECIES 
Chinese bamboo-partridge........ Bambusicola 
thoracicus 
Formosan partridge ............B. sonorivox 
Fytch’s partridge ......... Reicees se TybChi 
GENUS 21 
Spur-Fowl—Galloperdix 
“PECIES 
Ceylon spur-fowl ...... Galloperdix bicalearata 
GENUS 22 
Pheasant-Quail—Ophrysia 
SPECIES 
Pheasant-quail.......... Ophrysia superciliosa 
GENUS 23 
Blood-Pheasants—Ithagenes 
SPECIES 
Blood-pheasant..........- Ithagenes ernentus 
GENUS 24 
Tragopans—Tragopan 
SPECIES 
Crimson tragopan .......... Tragopan satyra 
GENUS 25 
Monals—Lophophorus 
SPECIES 
Sclater’s monal ..#.... Lophophorus sclateri 
Himalayan monal ............ L. impeyanus 
REDE bAEL THOUEE. 5.2 < occ sae cece nt L. Vhuysii 
GENUS 26 
Crestless Fire-backed Pheasants—Acomus 
SPECIES 
Crestless fire-backed pheasant ...... Acomus 
erythrophthalmus 
A. pyronotus 
GENUS 27 
Crested Fire-backed Pheasants—Lophura 
SPECIES 
Vieillot’s fire-backed pheasant . 
GENUS 28 
Lobiophasis 
SPECIES 
Bulwer’s pheasant ...... Lobiophasis bulweri 
GENUS 29 
Eared Pheasants—Crossoptilum 


. Lophura rufa 


SPECIES 
Fared pheasant........ Crossoptilum leucurum 
Hodgson’s eared pheasant ...... C. tibetanum 


Manchurian eared pheasant .. C, manchuricum 
GENUS 30 
Kalij Pheasants—Genneeus 
SPECIES 
Swinhoe’s pheasant ...... Genneus swinhcei 
White-crested Kalij pheasant ..G. albocristatus 
Black-crested Kalij pheasant ..G. leucomelanus 
Dark Kalij pheasant ........ G. melanonotus 
Silver Kalij pheasant ........ G. nycthemerus 
GENUS 31 
Koklass Pheasants—Pucrasia 
SPECIES 
Koklass pheasant........ Puerasia macrolopha 
GENUS _ 32 
Chir Pheasants—Catreus 
SPECIES 
OOP PCRSBI Uses. 0> ee nie eI ores Catreus wallichi 


GENUS 33 
Typical Pheasants—Phasianus 


SPECIES 
PHGRSAB. 6 co's \e cies te oer Phasianus colchicus 
Persian pheasant Ci. ei aiehetiae es P. persicus 
Severtzow’s pheasant.,........P.chrysomelas 
Shaw’s pheasant. +a eer ae sales he ae are tal ate P. shawi 


wecveedeee» F. mongolicus 


Mongolian pl t 
seeeeees P. semitorquatus 


Zungaria phe 


Chinese pheasant........ . P. satscheunensis 
Formosan pheasant,.... ie Retna P. formosanus 
Japanese pheasant........0.+00- P. versicolor 
Elliot's pheasant ....eesestespnnnee P. ellioti 
Hume's pheasant hig. «ih, wai en eaearee P. humes 
Simmerring’s pheasant ...... P, soemmerringi 
Reeve’s pheasant........ceceeeeees P. reevesj 


GENUS 34 
Golden Pheasants—Chrysolophus 
SPECIES 
Golden pheasant ........ Chrysolophus pictus 
Amherst’s pheasant ........- ...U, amherstia 
GENUS 35 
Jungle-Fowls—Gallus 
SPECIES 
Red jungle-fowl........++-+- . Gallus banciva 
Ceylon jungle-fowl ...........+..G, lafayetti 
Grey jungle-fowl... G. sonnerati 
Green jungle-fowl............ Ar mag 
GENUS 36 
Peacock-Pheasants—Polyplectron 
SPECIDS : : 
Grey peacock-pheasant..Polyplectron chinquis 
GENUS 37 
Argus-Pheasants—Argusianus 
SPECIES 
ATQUS. «3 spe ie honed Argusianus giganteus 
GEG 8 ATPUS 45 FES Sipe Fe ee’ a BNE: A, grayi 
GENUS 38 
Rheinhard’s Argus-Pheasant—Rheinhardius 
SPECIES 
Rheinhard’s argus...... Rheinhardius ocellatus 
GENUS 39 
Pea-fowl—Pavo 
SPECIES 
The per-fowl......... cet estwv cL AVVO cristatus 
Burmese pea-fowl ......... Beceem eu 
GENUS 40 
Phasidus 
SPECIES 
Black guinea-fowl ............ Phasidus niger 
GENUS 41 
Turkey Guinea-fowl—Agelastes 
SPECIES 
Turkey guinea-fowl . Agelastes meleagrides 
GENUS 42 
Typical Guinea-fowls—Numida 
SPECIES 
Gulnessowl* 2 5.cc2c wt ates Numida meleagris 
Abyssinian guinea-fowl,....... N. ptilorhyncha 
GENUS 43 
Crested Guinea-fowl—-Guttera 


ee 


SPEOIES 

Crested guinea-fowl.......... Guttera cristata 
GENUS 44 
Acryllium 


SPECIES 
Vulture-like guinea-fowl,Acryllium vulturinum 


GENUS 45 
Turkeys—Meleagris 
SPECIES 
Mexican turkey... 0c. sics Meleagris gallopavo 
Amorican ‘GUEKOF 66 ..6:atis vs ws M. americana 
Byed, turkeys ij. can cox dees coves M. ocellata 


GENUS 46 
American Partridges—Dendrortyx 
SPECIES 
Large American partridge........Dendrortyx 
macrurus 
GENUS 47 
Scaled Partridges—Callipepla 
GENUS 48 
Mountain Partridge—Oreortyx 


SPECIES 
Mountain partridge .......... Oreortyx pictus 
GENUS 49 
Lophortyx 
SPECLES 
Californian quail ...... Lophortyx californieus 


GENUS 50 
Barred Quail—Philortyx 
SPECIES 
South Mexican barred quail. Philortyx fasciatus 
GENUS 51 
Crested Quails—Eupsychortyx 
GENUS 52 
Ortyx 
SPECIES 
Virginian quail © chase. sas Ortyx virginianus 


GENUS 53 
Full-crested Quails—Cyrtonyx 


FAMILY 3 

Megapodes and Brush- Surkoye-- Mens Ee 

GENUS : 

Sigupole ceapeio 

SPECIES ; Pn 
Philippine megapode....Megapodius cumingi 
Ladrone megapode...........- M, laperousii 
Nicobar megapode..... .....M. nicobariensis 

GENUS 2 

Eulipoa 

SPECIES 
Wallace’s megapode ........ Eulipoa wallacei 

GENUS 3 

Lipoa 

SPECIES 
MGUAOW! vic <p take td .....Lipoa ocellata 


GENUS 4 
Papuan Brush-Turkeys—Talegallus 
SPECIES 
Papuan brush-turkey...... Talegallus cuvieri 
GENUS 5 
Australian Brush-Turkey—Catheturus 
SPECIES 
Australian brush-turkey..Catheturus .lathami 
GENUS 6 
Fleshy-crested Brush-Turkey—pypodius 
GENUS 7 
Mezgacephalum 
SPECIES 
Celebeat™brush-turkey..Megacephalum maleo 
FAMILY 4 
Curassows and Guans—Cracide 
GENUS 1 
Crested Curassow—Crax 
SPECIES 
Guiana crested curassow.....,..Crax alector 
Mexican crested curassow..........C. globiera 
GENUS 2 
Nothocrax 
SPECIES 
Rufous-coloured urumutu,...,.....Nothocrax 
urumutum 
GENUS 3 
Mituas—Mitua 
SPECIES 
MIGUR) oss ov eaccvbreiadeees ......Mitua mitu 
GENUS 4 
Pauxis 
SPECIES 
Pauxi CurassOw........... . 
GENUS 5 
Oreophasis 
SPECIES 
Lord Derby’s guan ...... Oreophasis derbianus 
GENUS 6 
Guans—Penelope 
SPECIES 
Brazilian guan.......... Penelope superciliaris 
GENUS 7 
Penelopina 
SPECIES 
Juatemalan guan .......... Penelopina nigra 


. Pauxis pauxj 


Chachainca:® viiiaccchess cae ... Ortalis vetula 
GENUS 9 
Aburria 
3 SPECIES 
ATRL visvias cuewge eee ee . Aburria aburri 
GENUS 10 
Chamepetes 
SPECIES 
Columbian guan ........Chamepetes goudoti 
Costa Rica Quan... .ccsccssicvecces vO, UNICOIOF 


FAMILY 5 
Hoatzin—Opisthocomids 
GENUS 
Hoatzin—Opisthocomus 
SPECIES 
Hoatzin ..............Opisthocomus hoatzin 


FAMILY 6 
Bustard-Quails—Turnicide 
GENUS 1 
Bustard-Quails—Turnix 
SPECIES 
Andalusian bustard-quail ...,.Turnix sylvatica 
Indian bustard-quail...... exticn’es «ba LoUeOn 
GENUS 2 
Pedionomus 
SPECIES 
Australian collared bustard-quail. . Pedionomus 
torquatus 


peggy aS. 


‘ There are few sights more striking where birds are concerned than that of a grand old cock monal shooting out horizontally from the hillside just below 


one, glittering and flashing in the golden sunlight, a gigantic rainbow-tinted gem, and then dropping, stone- like, with closed wings, into the abyss below.’ 
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CORNCRARI 


MOOR-HEN COOoT 


In habits coots resemble ducks and gallinules, being able not only to swim and dive well, but also to thread their way through grass and reeds with 
ease and swiftness. In rising, they flap along the surface of the water, and fly like rails with their legs dangling. 


ae iw | 


WOOD-PIGEON STOCI-DOWVIs 


TURTLE-DOVE ROCK-DOVE 


“The turtle dove is chiefly met with in woods, and is partial to thick coverts and fir-plantations, where its low, prolonged coo may be constantly heard, 
though the bird itself is rarely seen, preferring the seclusion afforded by the thick foliage to the outer branches of the trees,’ 
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GREY PARTRIDGE 


The common grey partridge ranges over Europe and Western and Central Asia, as far, at least, as the Barabinska Steppes and the Altai.’ 


T4A00 


THE GROUSE TRIBE 


TH members of the grouse tribe (family Tetrvaonide) 

form a group of over thirty species, in which the 
degree of feathering of the legs and feet varies in the 
different genera ; the ptarmigan and its allies having the 
legs and feet entirely covered with feathers ; while in 
others, such as the blackcock, the toes are naked, and 
only the legs feathered, while in the hazel-hen and its 
relatives, not only the foot, but the greater part of the 
metatarsus is naked. Those groups with naked feet 
may be distinguished from the members of the pheasant 
tribe by the horny processes fringing the sides of the 
toes and producing a comb-like appearance; these 
being absent in the pheasants, while none of the grouse 
have spurs on the legs. 


PTARMIGAN AND GROUSE 


Perhaps no members of this group of birds are more 
interesting than ptarmigan (genus Lagopus) and their 
allies, on account of the seasonal changes of plumage 
they undergo in order that they may assimilate them- 
selves to the colour of their surroundings, and be thus 
In the 


protected from their numerous enemies. 
ptarmigan (L. mutus) 
three changes of plum- 
age—summer, 
autumn, and winter 
—take place. During 
winter both sexes of 
the common species 
become pure white, 
with the exception of 
Picci ouLeretia tl 
feathers, which are 
black, the male being 
distinguished by the 
presence of a small 
black patch in front 
of the eye. It must, 
however, be remarked 
that absolutely pure 
white plumage on the 
back is not often 
met with in Scotch 
examples, except in 
unusually severe 
winters, there being 
generally a few of the 
greyish autumn 
feathers, lett ine the 
plumage of the upper parts, which are neither replaced 
by white ones nor turn white. 

On the other hand, in such examples as inhabit 
colder climates, like the north of Scandinavia, the male, 
at least, rarely dons the full summer and autumn 
plumages, a number of white winter feathers being 
retained throughout the summer, and in some instances 
only the head, mantle, and chest change colour, the 
rest of the plumage remaining white. It would thus 
seem that, in those countries where the summer is of 
short duration, sufficient time is not allowed for the full 
summer and autumn changes to be effected before 
winter sets in; and it is probable that this parti- 
coloured plumage affords even better protection in such 
localities than if a complete change to a darker plumage 
took place. In summer the male ptarmigan has the 
general colour of the head, upper parts, sides, and 
flanks dark brown or blackish brown, finely mottled and 
barred with grey and rusty, the chest and upper 
part of the breast blackish, sometimes slightly mottled 
with buff, and the under parts and the middle tail 
feathers white. 


PTARMIGAN 


D 34 


140 


The female has the general plumage above, as well 
as the middle tail feathers, black mixed with rufous 
buff, most of the feathers being edged with white or 
buff, and the under parts rufous buff baired with black. 
This plumage so closely approaches in colour the general 
surroundings of the nesting places, that the bird when 
sitting on its eggs is almost invisible. As autumn 
advances, the darker coloured feathers in both male 
and female are replaced by a grey plumage finely 
mottled with black, and sometimes buff, and as the 
season continues the more or less complete white winter 
plumage already mentioned is once more assumed. 

It is noteworthy that a considerable amount of the 
changes in colour is due not to moulting, but partly 
to a rearrangement of the pigment in the feathers 
themselves. In all the group, except red grouse, the 
primary feathers—which, lke those of the tail, are 
only cast at the autumn moult-——remain white through- 
out the year. 

All ptarmigan are essentially high-ground birds, 
although the red grouse is an exception, occurring 
sometimes on low-ground bogs close to the sea. Unlike 
blackcock, the com- 
mon ptarmigan and 
its allies pair with one 
female, with which 
they remain through- 
out the breeding 
season. 

During the nesting 
season ptarmigan 
become so tame that 
they’ may be" -ap- 
proached withina few 
yards. On the barren 
hilltops and _ water- 
sheds, where these 
birds find a home 
among the scattered 
boulders, dwarf 
Alpine plants, deer- 
grass, and mosses, 
the wanderer is often 
startled by the hoarse, 
croaking cry of the 


male, as he _ rises 

7 Py suddenly from the 
IN SUMMER PLUMAGE ground, where he was 
squatting invisible 


almost at the feet, to settle on some neighbouring rock. 

On being again approached, he makes a second short 
flight to some commanding position, where, with 
outstretched neck, he. watches the movements of the 
intruder. Soon after this the intruder may nearly 
walk on the female sitting on her eggs, or in charge of 
a number of beautiful chicks covered with yellow and 
brown down. The young scatter in every direction, 
running with considerable speed, and helping themselves 
along with their still tiny, undeveloped wings, while 
the anxious mother, as she runs alongside, goes through 
a performance intended, by diverting attention, to 
cover their retreat and convey the idea that at least 
one of her wings has been broken. In a few seconds, 
however, she appears to recover, and skulks off among 
the rocks, and when the young are looked for, they 
too have vanished. 

The ptarmigan inhabits most ot the higher mountain 
ranges of Europe, and possibly extends into Central 
Asia, where it is represented by the so-called rock- 
grouse (L. vupestris), which differs by the more rufous 
plumage of the male in summer, though in some 
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=—SS) probability gradually ceased to as- 
- sume a white winter dress, owing 
to a milder climate rendering this 
no longer essential for protection. 

Under these circumstances it 
might be inferred that in the red 
erouse there would be only two 
changes of plumage—namely, in 
summer and autumn; but this, 
for some unknown cause, is the 
case only with the female. In 
early spring the latter begins to 
assume the summer dress of 
black mottled and barred with 
buff or rufous buff, which har- 
monises <o well with the sur- 
roundings of her nest that she is 
comparatively safe from detec- 
tion. In the end of June she 
casts the whole of her plumage, 
and by the beginning of Septem- 
ber.the change to the dark buff- 


PTARMIGAN IN WINTER PLUMAGE 


localities, such as Newfoundland, a greyer phase, closely 
approaching the European bird, is met with. The 
rock-grouse inhabits Northern Asia, extending eastwards 
to Japan, and through Arctic America to Iceland. 

In Spitzbergen occurs a somewhat different species 
(L. hyperboreus), with more white on the basal part of 
the tail feathers, the outer web of the outermost 
pair having only the terminal third black. 

The most remarkable member of the whole 
group is, however, the red grouse (L. scoticus), 
peculiar to the British Isles, in which the 
changes of plumage appear unique; this species 
differing from all others in having no white winter 
plumage, and the flight feathers always brownish 
black (page 1455). The variation in plumage is 
very great, but the extreme diverseness may be 
enumerated as the black, red, and white-spotted 
phases. The first phase has the entire plumage 
black, and is by far the rarest; the second, in 
which the general colour is rufous chestnut, is 
chiefly met with on the west coast of Scotland, 
the outer Hebrides, and Ireland ; while the white- 
spotted phase, in which all the feathers of the 
breast and under parts, and sometimes also those 
of the head and back, are widely tipped with white, 
is apparently dependent on latitude and altitude. 

Grouse are remarkable for shedding the sheaths 
of their toes during the main moult. It is 
commonly stated that these birds live entirely on 
heather, but many Yorkshire grouse moors are 
clothed only with crowberry, and have no heather. 

The nearest ally of the red grouse is the cir- 
cumpolar ripa, or willow-grouse (L. albus), which 
has three distinct seasonal plumages, those of 
summer and autumn closely resembling those of 
the red grouse, although the winter dress is white, 
in which state the bird can only be distinguished 
by its large size and thick beak. That the red 
grouse is only an insular race of the willow- 
grouse there can be little doubt, and it has in all 


; spotted autumn dress is complete, 
: though in some examples, prob- 
ably birds of the year, a few 
feathers of the back may still be 
seen in quill so late as December. 

The male, on the other hand, 
makes no spring change, not a 
single feather being renewed 
= between January and the end 

of June; although after the 

breeding season the ernitire 
plumage is replaced by the autumn feathers, which are 
black, marked, barred, and often edged with buff. 
Accordingly, while at the end of August the cock bears a 
considerable resemblance to the female in May, though 
the buff markings are never so coarse, no sooner is the 
autumn plumage donned than the dark chestnut winter 


BLACKCOCK 


feathers, with their mottled 
black bars, begin to appear, the 
whole change being completed by 
December. Some of the autumn 
feathers are, however, often 
retained on the back, and may 
be distinguished from the winter 
plumage ‘at a glance. The male 
breeds in this ‘plumage, and very 
shabby and worn he looks by 
the end of the nesting season. 

It will thus be seen that the 
male and female have two 
changes in the season, but while 
those of the latter are, as might 
be expected, made in spring and 
autumn, the male moults in 
autumn and winter. The Rocky 
Mountain ptarmigan (L. leu- 
cur s) isthe smallest representa- 
tive of the genus, distinguished 
by its pure white tail. 


BLACKCOCK AND 
CAPERCAILLIE 


The second group of the grouse 
tribe is formed by the blackcock, 
or black grouse, and the caper- 
caillie. These birds have the 
legs covered with feathers, but 
the feet naked, and the sides of 
the toes furnished with horny 
comb - like appendages. The 

typical black grouse (Tetvao tetvix) of Europe and Asia is 
replaced to the east by the Caucasian black grouse (T. 
mlokosiewiczt). In the European species, of which the 
two sexes are respectively known as blackcock and grey 
hen, the males are distinguished by their general black 
plumage, and the peculiar shape of the outer tail feathers, 


WINTER PLUMAGE 


WILLOW-GROUSE IN 


Fa) 


WILLOW-GROUSE IN SUMMER PLUMAGE 


which areelongate and curve outwards at the extremity. 
In the blackcock the under tail coverts are white, although 
in the species from the Caucasus these parts are black, like 
the rest of the plumage. The two birds also differ in their 
changes of plumage ; the young male of the European 
species assuming the black feathers of the adult more 
or less completely by the first winter, while in the 
young male of the Caucasian bird a female-like plumage 
is retained throughout the first winter and spring. 

During the autumn moult, when the males are rarely 
met with, the black plumage of the head and neck is 
replaced by brownish buff and black feathers, barred 
like those of the female. Doubtless this temporary 
change is protective, enabling blackcock to escape 
observation, when, owing to the heavy moult in their 
wings and tail, they are rendered almost incapable ot 
flight. Black grouse are polygamous, one male pairing 
with a number of females, each of which undertakes 
the entire responsibility of rearing her young. During 
the pairing season the males are in the habit of resorting 
to some spot where in the morning and evening they 
fight for the possession of the females; each chal- 
lenging the other in turn, and going through a series 
of skirmishes till the older and stronger birds have 
driven off the rest and won the females. Black grouse 
are chiefly found in the neighbourhood of pine and 
birch forests bordering moorland, where bilberry, cran - 
berry, heath, and bracken flourish, though they may 
sometimes be seen on the open moor. Although their 
flight is straight, and their regular wing-beats somewhat 
laboured, they can fly at a great rate. 

Black grouse perch on trees, much of their food 
consisting of buds and flowers, but in autumn they 
may be seen on the stubbles in search of grain. During 
the winter in Scandinavia these birds are reported to 
make tunnels under the snow, in which they remain for 
a considerable period ; each cock makes its own burrow, 
but it is probable that in many cases these tunnels 
unite in a common chamber, where several birds live 
in company. 
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The blackcock by no means confines his attentions 
during the pairing season to the hens of his own species, 
the hybrids produced by across between this species and 
the capercaillie being not uncommon. Sometimes, too, 
he interbreeds with the red grouse, and more rarely 
with the willow-grouse, hazel-hen, and pheasant, while 
crosses with domesticated fowls are known to occur. — 

The largest members of the genus are the capercaillie 
and its immediate relatives of the pine forests of 
Northern and Central Europe and Asia. There are 
three species, all easily recognisable by their large size, 
as well as by the rounded tail composed of eighteen 
feathers. The typical capercaillie (1. wrogallus) ranges 
through Northern and Central Europe to Turkestan 
and the Altai, but in the Urals is represented by a paler 
form, with the whole of the breast and under parts 
white in the male. In typical examples the breast and 
under parts are black, with some of the feathers in the 
middle of the breast tipped with white, but numerous 
examples are to be met with in the London market 
in every intermediate stage of plumage, and are believed 
to be imported from some of the southern states of 
Russia, though the exact locality is uncertain (p. 1455). 

In North-Eastern Siberia a different species (T 
parvivostris) occurs, while the third kind (7. cam- 
chaticus) is confined to Kamchatka. These eastern 
birds are distinguished from the typical species by the 
smaller size of the beak, by the scapulars being widely 
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BLACKCOCK DISPLAYING 


tipped with white, and also by the females being 
much darker on the under parts. From one another 
they may be distinguished by the white tips of the 
scapulars in the smaller Kamchatkan species being 
wide and forming a continuous white band, while in the 
Siberian bird they constitute an interrupted line of 
white spots. 

Formerly indigenous in Scotland and Ireland, the 
capercaillie was exterminated towards the end of the 
eighteenth century, but was reintroduced in 1837 into 
Scotland, where it is now fairly plentiful in the counties 


of Perth, Stirling, and Forfar. The capercaillie is 
polygamous ; and its nesting habits and eggs are very 
similar to those of black grouse, the eggs being buff 
spotted with reddish brown. ‘So many as twelve eggs 
are sometimes laid, but the capercaillie hen is a bad 
mother, and seldom succeeds in rearing more than one 
or two of her somewhat delicate young. The cock is a 
remarkably wary bird, much more difficult to shoot than 
the hen, and it is marvellous, considering its large size 
and weight, how quietly the former can slip out of the 
far side of a pine tree without being observed. The 
greater part of his time is spent among the branches of 
these trees, the needles forming a considerable portion 
of his food, and giving the flesh a strong flavour of 
turpentine. 


AMERICAN GROUSE 


North America is the home of two grouse-like species, 
namely, the Canadian grouse, or spruce-partridge 
(Canachites canadensis), of Canada and the northern 
states to the east of the Rocky Mountains, and its 
near ally, Franklin’s grouse(®. franklinz), inhabiting the 
coast ranges to the west of the same chain. Both are 
about the size of a partridge, and have sixteen tail 
feathers. The cock pairs with only one female, and 
probably often retains the same mate for more than 
one season. The male Canadian grouse has the 
upper parts mostly grey shading into sandy or rufous 
white on the wings, 
and barred and mot- 
tled with black, the 
throat, chest, and 
middle of the breast 
black, the sides and 
under parts tipped 
with white, and the 
tail black tipped with 
chestnut. in the 
female the plumage is 
barred and mottled 
with black and rufous 
yellow. In both the 
male and female of 
Franklin’s ¢ grouse the 
chestnut band across 
the end of the tail is 
absent, and the upper 
tail coverts are tipped 
with white instead of 
grey. 


SHARP-WINGED 
AND DUSKY GROUSE 


The — sharp-winged 
grouse . (Falcipennis 
hartlaubt) of North- 
Eastern Siberia and 
Kamchatka, the sole 
representative of its 
kind, may be recog- 
nised by having the 
outer flight feathers 
narrowed towards the extremity and sickle-shaped. 

On the other hand, the dusky grouse (Dendragapus 
obscurus) and its two allies of the pine forests to the 
east and west of the Rocky Mountains are distinguished 
by the presence of twenty tail feathers, and an in- 
flatable air-sac on each side of the neck of the cock. 
The home of the dusky grouse is the southern Rocky 
Mountains, from New Mexico to Idaho, its place further 
west being taken by the sooty grouse (D. fuliginosus), 
ranging along the Pacific coast from California to Sitka : 
while, on the east side of the Rockies, Richardson’s 
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grouse (D. richardsoni) is found from Central Montana 
northwards. Much larger than the Canadian grouse, 
the males of this species have the upper parts smoky 
black, mottled with grey, and the under parts grey ; 
while in the temales the plumage of the upper parts 
and breast is barred and mottled with buff. In both 
the dusky and sooty grouse the tail 1s somewhat 
rounded in shape, with a terminal grey band wider 
(more than an inch wide) in the former. In Richard- 
son’s grouse the grey band is absent and the tail square. 


PRAIRIE-HENS 


Gbesmales ot the threeespecies. of 
prairie - hen are characterised by an 
elongate tuft of feathers and an inflatable 
air-sac on each side of the neck; these 
tufts being less conspicuous and the air- 
sacs absent in the females. The typical 


prairie-hen of the Mississippi Valley 
(Tympanuchus americanus) has the 
plumage brown above, barred and 


marked with buff and black, the longer 
feathers of the neck-tufts black, and the 
under parts pale brown, barred and 
fringed with white. 

During the pairing season these birds 
assemble in numbers at early morning 
on high, dry knolls, when the males go 
through strange antics to captivate the 
females. Inflating their orange air-sacs 
and erecting their long neck-tufts, they 
utter their strange, booming love-note, 
which may be heard ata great distance 
in the still morning air. The females are 
remarkably prolific, laying eleven to four- 
teen eggs on an average, while as many 
as twenty or more are not infrequently 
found. The females alone undertake the 
incubation and care of their young. 


THE SAGE-GROUSE 

The largest American representative of the 
family is the Ssage-grouse (Centrocercus uvophas- 
tanus), inhabiting the dry sage-brush plains of 
_ the western United States. Distinguished from 
; the allied forms by its long, pheasant-like tail of 
twenty feathers, with the middle pair elongated 
and pointed, the male has an inflatable air-sac 
on each side of the neck, and attains a weight 
of 8 pounds, the female being smaller. The 
chief food of this bird, especially during the 
winter months, is afforded by sage-brush, though 
during summer it is varied with grasses, berries, 
insects, and sometimes grain. The stomach of 
this species is soft, and unlike that of other 
game-birds, which are provided with muscular 
gizzards. Major Bendire gives the following 
account of the sage-cock’s courtship : 

Early one morning, I had the oppor- 
tunity to observe the actions of a single cock, 
while paying court to several females near him, 
and I presume he did his very best. His large, 
pale yellow air-sacs were fully inflated, and 
not only expanded forward, but apparently 
upward as well, rising at least an inch above 
his head, which, consequently, was_ scarcely 
noticeable, giving the bird an_ exceedingly 
peculiar appearance. He looked decidedly top- 
heavy, and ready to topple over at the slightest 
provocation. The few long, spiny feathers along 
the edges of the air-sacs stood straight out, and 
the greyish white of the upper parts showed in 
strong contrast with the blackofthe breast. His 
tail was spread out fan-like, at right angles from 
the body, and was moved from side to side witha 
slow, quivering movement. The wings were trailing on 
the ground. While in this position he moved around with 
short, stately, and hesitating steps, slowly and gingerly, 
evidently highly satisfied with his performance, uttering, 
at the same time, low, grunting, guttural sounds, 
somewhat similar to the purring of a cat, only louder.” 


SHARP-TAILED GROUSE 


Another North American type is formed by the 
sharp-tailed grouse, of which two kinds are known, 
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namely, the large dark northern Pedicecetes phasia- 
nellus, inhabiting the interior of British North America, 
and the smaller more rufous and buff southern vee 
columbianus. Both are characterised by the wedge- 
shaped tail of eighteen feathers, in which the middle 
pair is larger than the rest; the males not being pro- 
vided with air-sacs. 


RUFFED GROUSE 

The last two genera of the family represent a sonie- 
what different group of grouse, the various members 
of which have the lower parts of the legs as well as the 
toes devoid of 
emElursy, A eye 
ruffed grouse 
(Bonasa uwmbellus) 
of North America 
extends over a wide 
ramee sand 1S SUD= (aa 
ject to local varia- 
tions regarded by 
some naturalists as 
of specific value. 
This bird may be 
recognised by the 
frilled ruffles of * 
black feathers on + 
each side of the 
neck, though in 
some specimens the 
colour of these is “g 
dullchestnut. The ~; 
general colour 
above is rufous or 
grey, but every 
intermediate stage 
of plumage may be 
met with. 

Major Bendire 
writes that “the 
mating season oc- 
casionally begins 
early in February, 
but usually about the beginning of March, when the 
familiar drumming of the male may be frequently heard, 
though the bird is not oftenseen. This drumming of the 
ruffed grouse has often been described, and many 


HAZEL-HEN 


‘fferent theories have been advanced as to how the 
ea is produced. It is generally conceded that the 
sound is produced by the outspread wings of the bird 
being brought suddenly downward against the air, 
without striking anything.” 


HAZEL-HENS 

The hazel-hens, forming the last group of the grouse 
family, differ from the ruffed grouse in having the 
plumage of the sexes different and lacking the con- 
spicuous ruffles on the sides of the neck, while the tail 
is composed of sixteen instead of eighteen feathers. 
“ cae Se ESR ES Be Besides the typical 
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species (Tetrastes 
bonasia), ranging 
from Northern and 
Central Europe to 
Kamchatka and 
from Spain to 
North China, a 
second kind (T. 
griseiventris), with 
the breast and 
under parts sandy 
grey narrowly 
barred with black, 
comes from Perm 
in East Russia, 
while a third (T. 
severtzowt), with the 
outer tail feathers 
black barred with 
white, is found in 
North-Eastern 
Tibet. The Euro- 
pean species, like its 
North American 
ally, has two ex- 
treme phases. of 
plumage, a rufous 
and a grey, between 
which occurs every 
; intermediate 
variety of colour. Hazel-hens are essentially forest 
birds, and when driven from covert invariably perch 
high up in the branches of trees. They abound in 
the great forests of Poland. 


THE PHEASANT TRIBE 


THE great bulk of the typical game-birds are included 
in the family Phasianida@, which contains about sixty 
genera, nearly all of which are restricted to the Old 
World. In all the members of the family the legs 
and feet are naked, the latter never being fringed with 
horny, comb-like appendages as in the grouse, while 
in many groups the legs are armed with one or more 
pairs of spurs. The family may be divided into three 
subfamilies—the first (Perdicine) including the par- 
tridges, francolins, and quails and their allies; the 
second (Phasianine) the pheasants; and the third 
(Odontophorine) the American partridges and quails, in 
which the cutting edge of the upper half of the beak is 
notched. The division between the first two groups 
is, however, artificial, for the partridges merge into the 
pheasants, the bamboo-partridges (Bambusicola) and 
the African and Indian spur-fowls (Ptilopachys and 
Galloperdix) being the principal intermediate forms. 
The shape of the wing is indeed almost the only 
character of any importance for distinguishing these 
groups ; all the pheasants, except the typical genus, 
having the first primary quill shorter than the tenth 
quill of the same series, whereas in the partridges the 


former is equal to or longer than the latter. Unfor- 
tunately, the exception among the former is the genus 
Phasianus itself, which has the first primary longer 
than the tenth; while, on the other hand, in some 
of the partridges the tenth is somewhat the longer. It 
is only by using the supplementary character of the 
length of the tail, coupled with the shape of the wing 
that it can be decided to which of these divisions some 
of the species should be referred. Thus the first group 
of partridges may be briefly characterised as having 
the first primary quill longer than or equal to (rarely 
shorter than) the tenth, and the length of the tail less— 
usually much less—than that of the wing. 


SNOW-PARTRIDGES AND SNOW-COCKS 


The snow-partridge (Lerva nivicola) o i 
ranges of the Himalaya, and snithe eek easton eae 
North and Western China, is somewhat peculiar in 
having the upper half of the legs feathered, and is 
further characterised by the plumage of the upper 
parts in both sexes being black, narrowly barred with 
white and rufous, while the general colour of the breast 
and under parts is deep chestnut, and the coyal-red 
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legs are armed in the male with stout spurs ; the tail 
baving fourteen feathers. 

_ Closely allied to, but distinguished by their larger 
size, differently shaped wing, and tail of eighteen 
feathers, are the two rare species of pheasant-grouse 
(Letvaophasis) from the highlands of Central and 
Eastern Tibet, and from these in but a step we pass to 
the snow-cocks, the largest members of the group, 
which are natives of the mountains of Central Asia, 
where they are found only at high elevations. Among 
them, the Himalayan snow-cock (Tetraogallus himalay- 
ensis), one of the largest of the six species, and not much 
inferior to the capercaillie in size, ranges through the 
Western Himalaya to the Hindu-Kuh, and northwards 
through the Altai. In the male the feathers of the 
upper parts are mostly grey, finely mottled and margined 
with buff, but there is a large chestnut patch on each 
side of the nape, and a band of the same colour surrounds 
the throat, which, together with the chin and eyebrow- 
stripes, is white. The breast is white barred with 
black, and the rest of the under parts mostly grey, 
the sides and flanks being margined with chestnut and 
buff. The female scarcely differs in plumage, but may 
be distinguished by her smaller size and the absence of 
the blunt spurs of the male. 

These birds are confined to the snowy ranges above 
the limits of forest, but are driven by the snows of winter 
to perform one, or in some places two, annual migra- 
tions to the middle regions. In summer they are only 


seen near the limits of vegetation, but from June till 
August, however much the sportsman may wander on 
the highest accessible points in the mountains near the 
a few are met ‘with, the 


source of the Ganges, only 
majority, no doubt, 
retiring across the 
snowy range into 
Chinese Tibet to 
breed. At the be- 
ginning of Septem- 
ber they are first 
seen near the top 
of the higher grassy 
ridges, and after 
the first general 
severe fall of snow ; 
they come down in 
numbers on some of 
the bare exposed 
hills in the forest 
regions, where they | 
remain till the end 
of March. 

Gregarious, and 
often congregating ; 
in packs to the | 
number of twenty 
or thirty, snow- ¢ 
cocks never enter 7% 
forest or jungle,and (7 
also avoid spots 
where the grass is ; er 
long. When feeding, they walk uphill, picking up 
tender blades of grass and young shoots of plants, 
occasionally stopping to scratch up bulbs, of which they 
are specially fond. 

RED-LEGGED PARTRIDGES 

Easily recognised by their transversely barred sides 
and flanks, which contrast strongly with the rest of 
the plumage of the breast and under parts, red-legged 
partridges are represented by half a dozen species, 
characterised by the presence of fourteen tail feathers, 
and the general external similarity between the two 


eighteen in a clutch, are deposited 
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sexes, except that the male is provided with a pair of 
blunt spurs. In the mountains of Southern Europe, 
ranging from the Pyrenees to the Balkans is found 
the so-called Greek partridge (Caccabis saxatilis), but 
in the Grecian Islands and Cyprus its place is taken by 
the nearly allied chukar (C. chukar), distinguished by 
having the lores, or space in front of the eyes, white 
instead of black. Its range is extensive, extending across 
Asia to China, and reaching from the sea-level to an 
elevation of sixteen thousand feet; while the bird 
apparently flourishes as well in desert country as in 
cultivated hills. Their surroundings largely affect 
chukar both in size and colour; the paler-coloured 
birds from the Persian Gulf differing widely from the 
dark type found in Cyprus and the Himalaya. 

The common red-legged, or French, partridge (C. 
vufa) is a native of South-Western Europe, and was 
introduced into England towards the end of the eigh- 
teenth century. It is a handsome bird, with the upper 
parts olive brown shading into chestnut on the top of 
the head and mantle, the eyebrow-stripe, chin, and 
throat white, and the throat bounded by a black band. 
The feathers of the neck and chest are broadly edged 
with black, while those of the sides and flanks are grey 
barred alternately with white, black, and chestnut ; 
the legs and feet being bright coral-red (page 1455). 

Unlike the common partridge, the red-legged species 
sometimes perches on trees, walls, and palings, and 
when pursued always prefers to escape by running. 
During the pairing season the males are pugnacious, 
fighting not only among themselves, but with the 
grey species. The eggs, which vary from ten to 
in a hollow in the 
Tage ground among 
HH rough grass or in 
growing crops. 


SIS] PARTRIDGES 

The pretty little 
Bonham’s partridge 
(Ammoperdix bon- 
hamt), known in 
India as the sisi, and 
Hey’s partridge (A. 
heyi), inhabiting 
both shores of the 
Red Sea, form a 
small well-marked 
group nearly allied 
to the last, but with 
the colour of the 
plumage of the two 
sexes different, the 
males having the 
feathers of the sides 
and flanks margined 
with black instead 
of being  cross- 
barred, while the legs 
are never armed 
with spurs. The 
sisi has a wider range, being found from North-West 
India tothe Euphrates Valley, and southwards to Aden. 

The male may be recognised by its grey head and 
neck, with a white black-edged band passing across the 
forehead and along the sides of the head to the ear 
coverts, the general colour of the rest of the plumage 
being purplish buff. In the male of Hey’s partridge 
the head and neck are vinous fawn-colour, and the 
upper parts much paler. The females of both are 
almost indistinguishable, having the head and neck 
isabelline, faintly marked and barred with rufous buff, 
and the dark marking on the upper parts coarser. 
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RED-LEGGED PARTRIDGE 


Bare broken ground is the favourite home of the 
sisis, which may be met with in suitable localities from 
sea-level up to about seven thousand feet. Unlike 
most partridges, they care little for concealment, and 
when they wish to hide, the colour of their plumage 
harmonises so perfectly with the sand and stones that 
it is only necessary for them to keep still to avoid 
detection. 

FRANCOLINS 

The next group for consideration is that of the spur- 
legged partridges known as francolins, which include 
more than forty species, the great majority natives of 
Africa. One species, the typical francolin (Francolinus 
vulgaris), 1s, however, found in Cyprus, and ranges across 
South-Western Asia to Northern India, while the 
painted francolin (Ff. pictus) is peculiar to Western and 
Central India, and the Chinese francolin (F. chinensis) 
inhabits the Indo-Chinese countries. In all except two, 
the males are provided with at least one, and in certain 
cases two, pairs of sharp spurs, and in some of the 
African species the females are almost as well armed. 
The common and painted francolins are exceptions to 
the rule, the male of the former having but one pair 
of blunt, wart-like spurs, while in the latter even these 
are absent. 

The common francolin, or black partridge, once 
extended over a wider range and inhabited many of 
the countries bordering the Mediterranean, a few pairs 
remaining until recently in Sicily. The male has the 
sides of the head, chin, throat, and under parts deep 
black, the sides and flanks being more or less spotted 
with white, according to age; there is a white band 
below the eye, and a wide chestnut ring surrounds the 
neck, while the top of the head and wings are dark 
brown edged with buff, and the lower part of the back 
and rump black, narrowly barred with white. The 
female has the chestnut collar confined to the nape, 


the general colour of the upper parts browner, the sides 
of the head buff shading into white on the throat, and 
the under parts white mixed with buff and barred with 
black. This bird, in common with all the francolins, 
is specially partial to valleys where high grass and 
jungle are interspersed with cultivated ground. 
Although the males and females of this and several 
other species differ considerably in colour, in the great 
majority of cases the two sexes are much alike, more 
especially in the case of a couple of closely allied 
African species. The male of the Natal francolin 
(F. natalensis) has, for instance, the under parts white, 
with V-shaped black marks on the feathers, and is 
similar to the female, whereas in the allied Hildebrand’s 
francolin (F. hildebvandi) from Kilimanjaro, and in 
Johnston’s francolin (F. johnstont) from the Shin 
Highlands, although the males are very similar to the 
Natal bird, and only differ in the shape of the black 
marking on the under parts, the females are different, 
their general colour below being bright rust-colour. _ 
One of the largest species is Jackson’s francolin 
(F. jacksont) from Masailarré, which is only rivalled in 
size by Erckell’s francolin (Ferckellz) from Abyssinia. 

- An allied genus includes the bare-throated francolins 
(Pternistes) of Africa, of which ten species of large size 
are known, easily recognised by the bare throat covered 
with red or orange skin. In habits they closely resemble 
the typical francolins. 

TYPICAL PARTRIDGES 

The typical partridges are natives of Europe and Asia, 
where they are represented by several species belonging 
to two distinct types. Among these the common grey 
partridge (Perdix cinerea) and the bearded partridge 
(P. daurica), with a black horse-shoe mark on the breast, 
have eighteen tail feathers and the under parts of the 
body devoid of black cross-bars ; while to the second 
group belong Hodgson’s partridge (P. hodgsont) of 
Southern Tibet, and the smaller and more northern 
P. sifanica of Kansu, both of which have only sixteen 
tail feathers and the under parts barred with black. 
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The grey partridge (page 1406) ranges over Europe and 
Western and Central Asia, as far, at least, as the Bara- 
binska Steppes and the Altai. For many years the chest- 
nut horse-shoe mark on the breast was considered as 
distinctive of the male, the female being supposed to 
have this reduced to a few chestnut spots, or absent. 
It is true, indeed, that in old birds the differences in 
this patch are generally characteristic of the male and 
female, but in the majority of immature females the 
horse-shoe is well developed, and nearly or quite as 
large as in the adult male. Immature birds of both 
sexes may be recognised by having the first 
flight feather pointed at the extremity, and A 
the legs yellowish brown; but in adults this * 
feather is rounded at the tip and the legs are 
slate-colour. In the south-eastern counties 
of England young females rarely show a well- 
marked horse-shoe, and in some instances all 
trace of chestnut is absent. On the other 
hand, in most females from other districts 
this patch is greatly developed, and occasion- 
ally nearly as large as in adult males. 

The only trustworthy character for distin- 
guishing the sexes is found in the lesser and «. 
median wing coverts; in the male each of \ 
these feathers being brownish buff, thickly 
vermiculated with black, with a chestnut ‘ 
blotch on either web, and a well-defined pale % 
buff shaft-stripe down the middle, while in seek 
the female the ground-colour is mostly black ir 
with wide-set transverse buff bars, in addition 
to the buff shaft-stripe common to both sexes. 


BUSH-QUAILS 


Passing over the Madagascar partridge (Margaroperdix 
madagascariensis), distinguished by having only twelve 
tail feathers, the next for notice are the small Indian 
partridges commonly known as bush-quails, none of 
them being larger than quails, although provided with 
a much more handsome plumage. The colour of the 
plumage in the sexes is different, and the tail, which is 
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feebly developed, being less than half the length of the 
wing, contains twelve feathers. 

The jungle bush-quail (Pedicula asiatica) and the 
rock bush-quail (P. avgunda) represent the typical 
genus. In the males the breast and under parts are 
white, barred with black, but while in the former the 
chin and throat are bright chestnut, in the latter they 
are dull brick-red. The females of both kinds have the 
under parts purplish buff, but in the jungle bush-quail 
the chin and throat are bright chestnut as in the males, 
while in the other the middle of the chin and throat is 
whitish. The distribution of these species is comple- 
mentary to each other—that is to say, though both are 
found over the greater part of India, the localities they 
affect are widely different, the jungle-quail being met 
with on hilly ground covered with moderately thick 
forest and jungle, while the rock-quail prefers half- 
barren sandy or rocky plains studded with low scattered 
bushes. Mr. A. O. Hume describes the former as 
“little bustling ground-birds, always keeping, accord- 
ing to my experience, in packs or families; never 
coming out into the open; always feeding in grass, 
jungle, or stubble long enough to hide their tiny selves.” 

The painted bush-quails, as typified by the Indian 
Mucroperdix erythrorhyncha, constitute a genus of three 
species confined to India and Manipur, and distinguished 
by the reduction in the number of tail feathers to ten. 
These birds, which are chiefly found on rocky ground 
interspersed with bushes, fern, and high grass, are met 
with in coveys, and prized by the natives on account 
of their pugnacious habits. 

TREE-PARTRIDGES 

The members of this group are characterised by the 
short tail (its length being less than half that of the 
wing) and their peculiarly long and rather straight nails, 
that of the first toe being well developed. There are 
numerous species, ranging from the Himalaya, through 
the JIndo-Chinese countries, to Sumatra, Java, Borneo, 
Formosa, and Hainan. Unlike the members of the 
preceding genera, which are all ground-birds, though 


1415 


HARMSWORTH NATURAL HISTORY 


individuals may occasionally perch, these partridges 
are not infrequently in the habit of perching on trees. 

The colouring in most of the species is a mixture 
of olive brown, black, and rufous, but in Arboricola 
ardens of Hainan the chest is ornamented with a patch 
of fiery red. 

All these birds frequent hill-forest, the Himalayan 
tree-partridge (A. torqueolus) ranging to an elevation 
of fourteen thousand feet, and being seldom flushed 
except with dogs; but when they rise their flight is 
strong and swift. The eggs differ from those of other 
partridges in being pure white. The colour of the 
plumage in all but one species is practically identical in 
both sexes, but in the tree-partridge of the outer ranges 
of the Himalaya there is considerable difference in this 
respect. In both male and female of this species 
the general colour of the upper parts is olive brown 
barred with black, and the sides and flanks are grey, 
widely edged with chestnut and spotted with white ; 
but the male has the top of the head bright chest- 
nut, the eye-stripe, sides of the face, chin, and throat 
black, more or less margined with white, and a broad 
white’ band across the front of the crop. In the 
female, on the other hand, the top of the head is brown 
marked with black, and the sides of the head are rufous 
spotted with black, the 
white band being ba 
absent. 


WOOD-PARTRIDGES 

Wood-partridges, of 
which there are three 
genera, are peculiar in 
having the claw of the 
first toe rudimentary. 
In the  ferruginous 
wood-partridges (Calo- 
perdix) the legs of the 
males are provided 
with one or more pairs 
of spurs. The general 
colour of the _ head, 
neck, and under parts 
is bright rusty red, the 
upper portion of the 
backis black and white 
the lower parts are 
black with rusty red 
markings,and the wings 
olive brown, spotted 
with black. The three 
species respectively 
inhabit the Malay 
Peninsula, Sumatra, 
and Java and Borneo. 

The red-crested 
wood-partridge (follu- 
lus voulvoul) of Tenas- 
serim and the Malay 
Peninsula and Islands is 
the sole member of a 
genus characterised by the presence in both sexes of a 
tuft of long hair-like bristles on the middle of the fore- 
head, and the rudimentary claw of the first toe. The 
male has also a long, fan-shaped maroon crest of hairy 
feathers, the rest of the head and neck black with a 
white band between the eyes, the wings maroon glossed 
with purplish blue, the remainder of the upper parts rich 
green with steely blue reflections, the under parts black 
glossed with blue, and the base of the beak, the naked 
skin round the eye, and the legs and feet scarlet. In the 
female the head is blackish grey, the wings chestnut, and 
the rest of the plumage bright grass-green, shading into 


greyish green on the under parts. This green colour 
is an unusual tint among game-birds, found elsewhere 
only in the males of the blood-pheasants. 

These birds, which ramble about the hillsides at an 
elevation of about three thousand to four thousand 
feet, in bevies or parties of six or eight to a dozen, are 
exceedingly swift of foot, never leaving the jungle, and 
rarely taking wing. Their note is a soft, mellow 
whistle, chiefly heard in the morning, or when they 
have been separated. Their nearest ally is the black 
wood-partridge (Melanoperdix niger), ranging over 
much the same area, but not found in Java. In this 
species the male has the whole plumage glossy black, 
while that of the female is mostly chestnut, the scapulars 
barred with black, and the upper parts, sides, flanks, 
and under tail coverts mottled with the same colour. 


QUAILS 


The supreme development of the partridge type of 
wing is found in the quails as well as in the snow- 
partridges, in both of which the first flight feather is 
but little shorter than the second, and equal to the 
third, while the tenth fmuch the shortest. Accord- 
ingly, when the wing is expanded the vertical angle of 
an imaginary triangle is formed by the second quill, 
: instead of by the fifth 
? or sixth. 

j The common, or 
migratory, quail 
(Coturnix communts) 
ranges over an enor- 
mous area, being found 
over Europe, Africa, 
and Asia north of the 
Himalaya. In Eastern 
Asia it is replaced by 
a distinct species, the 
Japanese quail (C. 
japonica), although 
during the breeding 
season numbers of the 
common species invade 
those countries, with 
the result that the two 
interbreed. The male 
of the common quail 
may be recognised by 
its white throat with 
a black anchor-shaped 
mark down the middle, 
while in the Japanese 
species the throat is 
uniformly dull brick- 
red (pages I401, 1455). 

The females may be 
distinguished by the 
former species having 
the white feathers 
covering the throat 


vy 


RED-CRESTED WOOD-PARTRIDGE short and rounded, 


while in the latter they 

are elongated and pointed, forming a beard. : 
In South Africa occurs a race of the quail (C. capensis) 
in typical examples of which the males have the sides 
of the head, as well as the chin and throat, bright 
rufous chestnut, and the black anchor-shaped mark 
characteristic of the migratory species well developed. 
The ordinary quail interbreeds freely with these birds, 
and the results are seen in many of the males having 
the .chin and throat partially chestnut. is 
An Australian quail (Synecus australis), representing 
an exclusively Malay and Australasian genus, has 
no anchor-shaped mark on the throat, and the 
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under parts marked with V-shaped black bars; an 
allied species, with the under parts dull rufous, inhabit- 
ing Timorand Flores. The genus includes the smallest 
and most beautifully marked birds of the group, the 
tail being very short, hidden by the upper tail coverts, 
and with only eight feathers. 

The painted quail (Ewcalfatoria chinensis), typifying 
a third genus, inhabits the Indo-Chinese countries, 
especially the lower hills where the ground is swampy 
and grass-covered. The male has the upper parts 
brown, barred and streaked with black, and ornamented 
with whitish shaft-stripes, the forehead, sides of the 
head and neck, and .—. 
wing coverts washed 
with slaty blue, the 
chest and flanks slaty 
blue, and the rest of 
the under parts rich § 
chestnut: Inveryold § 
birds the chestnut 
takes the place of the 
slate, till very little of 
the latter remains on 


the under parts. The 32 
genus includes four 

species, whose united 
range extends from & 


India to the Malay 
countries, New Guinea, 
and tropical Africa. 


BAMBOO- 
PARTRIDGES 

The bamboo-part- 
ridges represent a 
section of the family 
with a wing of the type 
characteristic of the monal pheasant—that is to say, 
with the first flight feather shorter than the tenth. As 
already noted, the typical pheasants are the only 
exception in this respect, but although the shape of 
their wings is partridge-like, their long tails at once 
serve to distinguish them. Little need be said of 
the African rufous-breasted partridge (Pétilopachys 
fuscus), the sole member of its genus, and ranging 
from Senegambia and the Gold Coast to Abyssinia, 
where it inhabits broken ground and stony hillsides. 
The plumage of both sexes is similar, and the male is 
never armed with spurs; though these appendages are 
sometimes developed even in the females of the 
bamboo-partridges. 

The three species of the latter have the plumage 
alike in both sexes, and in general appearance they 
recall the male of the common partridge, this being 
especially the case with the Chinese Bambusicola 
thovacicus, in which the sides of the head, throat, and 
fore part of the neck are chestnut, while the eyebrow- 
stripe and crop are grey. The nearly allied Formosan 
B. sonorivox may be recognised by having the sides of 
the head dark grey, while Fytch’s partridge (B. fytchz) 
from India, Burma, and China has the eye-stripe buff. 
The note of this species is loud, harsh, somewhat 
fowl-like, and different from the low whistle of the 
tree-partridges. Found in heavy forest jungle, this 
partridge generally goes in pairs. 


SPUR-FOWL 


In general appearance the Indian spur-fowl are 
more pheasant-like than the last, having a rather long 
tail, and the colour of the plumage different in the two 
sexes. The legs in both sexes are armed with spurs, 
the males having two, and sometimes three, pairs, 
while the females have one or rarely two, although 


COMMON QUAILS 


occasionally two are present on one leg and one on the 
other. The three species, which are of relatively 


~ large size, are peculiar to India and Ceylon. 


The male of the Ceylon spur-fowl (Galloperdix 
bicalcavata) is more striking in appearance than its 
Indian allies, having the plumage of the head, neck, 
back, and under parts black and white, the rest of the 
upper parts dark chestnut, ornamented on the wing 
coverts with white black-edged spots, and the quills 
and tail black. The female, on the other hand, has the 
head blackish, the chin and throat white, and the rest 
of the plumage chestnut, finely pencilled with black. 

a es ». Colonel Legge observes 

g z 3 EE that “the shy habits 
; #2 of this bird would pre- 
vent its being detected 
in most places where 
it is even abundant, 
were it not for its noisy 
E cries or cackling, so 
well known to all who 
have wandered in the 
i Ceylon) jungles lt 
frequents tangled 
brakes, thickets in 
damp nalas, forest near 
rivers, jungle over 
hillsides, and, in fact, 
kind of cover 
will afford it 
entire concealment. 

“The cocks begin 
to call about six in 
¢ the morning, and when 
one has fairly begun, 
the curious ascending 
scale of notes is taken, 
up from one to another until the wood resounds with 
their cries. They always seem to keep in small parties, 
which perhaps consist of the young of the year with 
their parents.” 

The nest, a mere hollow in the ground, is situated 
in the forest or in thick jungle, under the shelter of 
a rock or near the projecting root of a large tree, and 
it would seem that the full number of the eggs laid 
is four. but the red spur-fowl lays as many as ten. 


PHEASANT-QUAIL 


The pheasant-quail (Ophrysia superciliosa), which 
occurs in the north-west of India during the cold season, 
is probably a native of Tibet, but is so rarely met with 
that scarcely anything is known of its habits. Never 
coming into the open, it prefers to skulk in the long 
grass, from which it can only be flushed with the 
help of dogs, and when on the wing its flight is slow 
and heavy. This is the smallest member of the 
pheasant group, being no larger than a quail, but its 
affinities are with the blood-pheasants, as is shown 
by the shape of the wing with its short first primary, the 
length of the tail, and the long rather loose plumage. 

In the male the general colour is grey washed with 
olive, each feather being edged with black, and the 
head and throat deep black, the former marked with 
various white bands. In the female the prevailing 
colour is warm light brown, paler on the under parts 
and spotted and marked with black, the chin and 
throat being whitish. 


BLOOD-PHEASANTS 


The much larger blood-pheasants are represented by 
three species from Tibet and North-Western China, 
of which the males are characterised by the peculiar 
grass-green colour of the plumage. The typical blood- 
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pheasant (Ithagenes cyuentus) of the higher regions of 
Nepal, Sikkim, and Bhutan is a handsome bird, the 
male having the forehead and a ring round the eye 
black, the crown buff, and the upptr parts grey, washed 
on the wings with green, and margined on the upper 
tail coverts and tail with crimson; the cheeks, throat, 
and under tail coverts being crimson, and the rest 
of the under parts mostly green, with some of the 
feathers more or less margined with crimson. The 
naked skin round the eye and the legs are bright 
coral-red, the latter being sometimes armed with no 
less than four pairs of spurs. The female is mostly 
brown, lighter on the upper parts, and reddish below, 
with the back of the head and nape slaty grey. 

Living at elevations of from ten to fourteen thousand 
feet, blood-pheasants are abundant in many of the 
valleys among forests of pine and juniper. Seldom 
or never crowing, they utter a weak, cackling noise. 
When put up, they take a short flight, and then run 
to shelter. During September flocks of ten to fifteen 
may often be seen, males and females being in almost 
equal proportions ; and in December they frequently 
collect in packs of seventy to one hundred. 


TRAGOPANS 


The tragopans, or horned pheasants, often miscalled 
Argus pheasants, include five large, magnificent species, 
unsurpassed for beauty and the harmony of their tints 
by any other members of the group. The male is 
provided with a pair of erectile, fleshy, blue horns, 
inserted on each side of the crown above the eyes, 
and during the breeding season the throat is covered 
with-a brightly coloured lappet, hanging down several 
inches when the birds are excited by passion, but 
barely visible during the winter. Their habitat 


CRIMSON TRAGOPAN 


includes the higher wooded ranges of Northern India 
and China. 

By far the most brilliantly coloured species is the 
crimson tragopan (Tvagopan satyra), ranging in the 
Himalaya from Kumaon to Bhutan. In the male of 
this splendid bird the top and sides of the head are 
black, the neck, mantle, and under parts orange 
carmine, and the rest of the upper parts olive brown, 
each feather being ornamented at the tip with a 
round white spot, partially or entirely margined with 
black, while thé outer wing coverts are edged on each 
side with dark orange carmine. The throat-wattle 
is salmon-colour with transverse blue bars, and the 
legs are pale flesh-colour. The general colour of the 
female is black above, mottled and spotted with 
various shades of buff, the chin and throat being whitish, 
and the under parts sandy, finely marked with black 
and pale buff or whitish shaft spots. 

In summer these birds, writes Mr. A. O. Hume, 
‘are to be found at elevations of from eight thousand 
to ten thousand feet, always in thick cover, by pre- 
ference in patches of the slender reed-like ringal 


bamboo, in the neighbeyrhood of water. Although 
always on hills near to or bordering on the snow, 


they are never seen amongst it, and seem to shun it 
as much as the blood-pheasant delights in it.” 

The nuptial dances of this bird have been described 
by Mr. A. D. Bartlett, who wrote that the “ males 
can only be seen to advantage in the early morning 
and in the evening, as they conceal themselves during 
the day; the females, however, are less retiring in 
their habits. When the male is not excited, the horns 
lie concealed under two triangular patches of red 
feathers, their points meeting on the occiput; the 
large wattle is also concealed or displayed at the will 
of the bird. 

“The male has’ three 
distinct modes of showing 
off. After walking about 
rather excitedly, he places 
himself in front of the 
female, with the body 
slightly crouching upon the 
legs, and the tail bent down- 
wards; the head is then 
violently jerked downwards, 
and the horns and wattle 
become conspicuous. The 
wings have a flapping mo- 
tion, and the bright red 
patch on them is fully 
displayed. The whole of 
the neck appears to be 
larger than usual during 
this action, so do also the 
horns, which, moreover, 
vibrate with every motion. 
This scene is concluded by 
the bird suddenly drawing 
himself up to his full height, 
with his wings expanded 
and quivering, the horns 
erect, and the wattle fully 
displayed. The second 
mode consists of simply 
erecting all his feathers, and 
elevating one shoulder, 
thereby exposing a greater 
surface to view, without, 
however, showing his head- 
dress. The third mode is 
by simply standing boldly 
erect on an elevated perch, 
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giving the head one or 
two sudden shakes, and 
causing the horns and 
wattle to appear for a 
few moments.”’ 


MONALS 


Quite unsurpassed 
among the pheasant tribe 
for splendour of plumage, 
the half-dozen species of 
monal are characterised 
by the males having most 
of the upper parts glitter- 
ing with metallic colours, 
and the head, except in 
Sclater’s monal (Lopho- 
phorus sclatevi), adorned 
with an elongate crest 
of racquet-shaped 
plumes (p. 1403). In place 
of the crest in the latter 
species, the crown is 
covered with beautifully 
Ciumlediicatherss | lhe 
haunts of these birds 
are practically the same 
as those of the trago- 
pans—that is to say, the 
highest forest regions of 
the Himalaya and other 
Asiatic mountains, vege- 
tation and considerable 
altitude being essentials 
to their existence. 

The male Himalayan 
monal (L. itmpeyanus) 
has the crest and head 
metallic green shot with 
blue and purple, the back and sides of the neck purple 
shading into reddish copper and glossed with golden 
green, the mantle and upper tail coverts shining golden 
green, the outer wing coverts bluish green, the inner 
feathers, scapulars, and rump bronzy crimson in some 
lights, and purple edged with bluish green in others, 
the lower part of the back snow-white, the tail pale 
chestnut, and the under parts black slightly glossed 
with green on the throat. 

The female, on the other hand, is dressed in a much 
more sombre livery, the general colour of the upper 
parts, chest, and sides of the breast being black, with 
a buff centre to each feather, the lower part of the 
back and upper tail coverts irregularly barred with 
the same colours, the sides of the head reddish buff 
mottled with black, the chin and throat white, and 
the rest of the under parts mottled with black and 
buff, and showing more or less distinct white shaft- 
stripes. The tail is black, barred with rufous and 
tipped with white. : 

This species ranges through the forests of the Hima- 
laya from Afghanistan to Bhutan. Mr. Hume observes 
that ‘‘ there are few sights more striking where birds 
are concerned than that of a grand old cock shooting 
out horizontally from the hillside just below one, 
glittering and flashing in the golden sunlight, a 
gigantic rainbow-tinted gem, and then dropping stone- 
like, with closed wings, into the abyss below.” 

Another naturalist, Mr. Wilson, writes that “ the 
monal is found on almost every hill of any elevation 
from the first great ridge above the plains to the 
limits of forest, and in the interior it is the most 
abundant of our game-birds. In summer, when the 
rank vegetation which springs up in the forest renders 
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it impossible to see many yards around, few are to 
be met with except near the summits of the great 
ridges jutting from the snow, where morning and 
evening, when they come out to feed, they may be 
seen in the open glades of the forest and on the green 
slopes above. At that time no one would imagine 
they were half so numerous as they really are; but 
as the cold season approaches, and the rank grass 
and herbage die away, they begin to collect together, 
the woods seem full of them, and in some places hun- 
dreds may be put up in a day’s walk. 

“In autumn they all descend into the forest, fre- 
quenting those parts where the ground is thickly 
covered with decayed leaves, under which they search 
for grubs; and they descend lower as winter sets 
in and the ground becomes frozen or covered with 
snow. Still, in the severest weather, when 
fall after fall has covered the ground to a great depth in 
the higher forests, many remain there the whole winter ; 
these are almost all males, and probably old birds. 

“Tt may be questioned whether they pair or not 
in places where they are at all numerous ; if they do, 
it would appear that the union is dissolved as soon 
as the female begins to sit, for the male seems to pay 
no attention whatever to her whilst sitting, or to the 
young brood when hatched, and is seldom found with 
them. The call of the monal is a loud, plaintive 
whistle, which is often heard in the forest at daybreak or 
towards evening, and occasionally at all hours of the day.”’ 

The eggs, which are placed in a depression in the 
ground, scratched by the female under some sheltering 
rock or massive root, are usually four or five in number, 
and dull white speckled with red in colour. Chamba 
is the home of a second species or race, lacking 
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SILVER PHEASANTS 


the white on the lower part of the back of the 
common monal, and having the breast and under parts 
glossed with green. 

In the mountains of North-Eastern Tibet and 
Western China occurs the equally brilliant and even 
larger L. l’huysi1, the male of which may be recognised 
by the black tail glossed with bluish green and spotted 
with white. Lastly, the splendid Sclater’s monal, 
already mentioned, inhabits the Mishmi Hills in 
Assam, and has, in addition to its peculiarly feathered 
head, the whole of the lower part of the back, rump, 
and upper tail coverts white, and a white band across 
the chestnut tail. From the absence ofa crest, it is some- 
times referred to the distinct genus Chaleophasis. The 
habitats of the other two species of monal are unknown. 


FIRE-BACKED PHEASANTS 

The crestless fire-backed pheasants of the Malay region 
are about the size of bantam hens, and also resemble these 
birds in the shape of their rather short and vaulted tails. 
Intwo species, Acomus erythrophthalmusand A.pyronotus, 
the males have the lower part of the back and rump 
fiery bronze-red, while the females are entirely black, 
glossed with purplish or steel blue, and armed with 
spurs like the male; but in a third kind (A. znornatus), 
from Western Sumatra, the male has the plumage 
entirely black, and thus closely resembles the females 
of the other species. 

Closely allied are the crested fire-backed pheasants, 
inhabiting the same countries, but ranging farther 
north into Tenasserim, the Shan States, and Cochin 
China. In this group the cock is adorned with a full, 
erect crest, composed of bare-shafted feathers, support- 
ing a bunch of plumes at the extremity ; the sides of 
the head are naked and covered with large wattles, and 
the tail is long and shaped somewhat like that of the 
jungle-fowl. 

The male of Vieillot’s fire-back (Lophura rufa) is 
further characterised by having the neck, mantle, 


and breast purplish blue, the 
lower back and rump bronze- 
red, and the middle tail 
feathers white. All the rest of 
the under parts are black, the 
feathers of the sides and flanks 
show white shaft-stripes, the 
naked portion of the face-skin 
and wattles are bright blue, 
the legs and feet vermilion, 
and the strong spurs whitish. 
The female has the crest less 
developed, the general colour 
of the plumage chestnut, the 
throat white, the feathers of 
the neck and chest margined 
with white on the sides, the 
breast and sides of the belly 
black mottled with chestnut 
and edged with white, and 
the rest of the under parts 
white mottled with black. The 
soft parts are lke those of 
the male, but paler, and there 
are no spurs on the legs. 

One of the most splendid 
members of the group is 
Bulwer’s pheasant (Lobiophasis 
bulwert) of North Borneo, the 
sole representative of a genus 
in which the male has no less 
than thirty-two tail feathers. 
and the female two pairs less, 
In the adult cock the neck 
and chest are deep crimson, the rest of the plumage 
mostly black, each feather being edged with steel- 
blue at the extremity, and the long, curved tail 
pure white. The head is almost entirely naked, 
having only a few feathers down the middle of 
the crown, and ornamented with three pairs of elongate 
wattles, all being bright blue; the legs, feet, and 
spurs are red. 

EARED PHEASANTS 

The five species of eared pheasants, natives of 
Central and Eastern Asia, are birds of large size, their 
loose, hairy plumage making them look even larger 
than is really the case. In ali except Crossoptilum 
leucurum, in which the male appears to have more 
white in the tail than the female, the plumage of the 
sexes is alike, although the females lack the blunt 
spurs of the males. The top of the head is clothed with 
soft, curly feathers, the sides of the face are naked and 
covered with warts, and the ear-coverts produced 
into long white tufts on each side of the head. The 
tail is long, full, and rounded, the number of feathers 
varying from twenty to twenty-four in the different 
species, and the extremities of the middle pair being 
much curved, with the webs long and free. 

In Hodgson’s eared pheasant (C. ttbetanum), of 
Tibet and Western China, the whole of the plumage is 
white, with the exception of the black top of the head, 
the dark brown quills, and the tail feathers, which are 
purplish bronze towards the base, shading into dark 
greenish blue and deep purple towards the extremities. 
The naked sides of the face are scarlet, and the legs 
coral-red. The Manchurian eared pheasant (C. 
manchuricum) is a somewhat differently coloured bird, 
with the back of the head and neck black, shading into 
brown on the mantle and wings, and dirty white on the 
lower part of the back, rump, and upper tail coverts ; 
the chin and throat, as well as the ear-tufts, are 
white, and from the brownish black chest the 
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colour gradually becomes lighter on the rest of the 
under parts. 

The range of this species includes the mountains of 
Manchuria and Northern China. These birds, which 
inhabit pine forests at an elevation of from ten to 
twelve thousand feet, are gregarious in habit, forty 
or fifty sometimes being met with roosting in company 
on pine trees. Being remarkably hardy, they do weil 
in confinement, and soon become tame. 


KALIJ PHEASANTS 


The lower altitudes of the middle ranges of the 
Himalaya, and thence through the Burmo-Chinese 
countries, are the home of a group of species of pheasants 
approaching the crested fire-backed pheasants. Nearly 
a dozen species belong to this group, which includes 
the kalij and silver pheasants, as well as the somewhat 
aberrant Swinhoe’s pheasant (Genneus swinhei). All 
these birds have a more or less elongate recumbent 
crest of hairy feathers, the sides of the head naked, 
and the long tail laterally compressed and vaulted, 
with the middle pair of feathers at least three times the 
length of the outer ones. The legs of the male are 
armed with a pair of stout spurs, but in the females 
these appendages are wanting. 

In the most western member of the genus, the white- 
crested kalij (G. albocristatus), which inhabits the 
Western Himalaya and Nepal, the cock has the long 
hairy crest white, the general colour of the upper parts 
black, glossed with purplish and steel blue, and 
margined, especially on the rump, with white, and 
the fore part of the neck dirty white, gradually shading 
into brown on the under parts. 

To the eastwards, in Nepal, occurs G. leucomelanus, 
differing only in having the crest black, glossed with 
purple; while, still farther east, in Sikkim and Bhutan, 
the darker G. melanonotus has the black crest of the 
latter, but the white terminal margins on the feathers 
of the rump and upper parts 
replaced by deep purplish 
blue. 
Burma are the home of 
Horsfield’s kalij, which is oe 
the darkest of all, the whole Sos a 
plumage being black, Se 
glossed with purplish or steel 
blue, and only the region of CO THE 
the feathers of the lower Je a ae 
back and rump edged with ,..° — 
white, and we may consider : 
this species as probably 
representing the ancestral 
stock from which the others + . 
have been derived. Among ; | 
numerous other species, 
mention may be made of 
the lovely silver pheasant 
(G. nycthemer us) of Southern 
China, noticeable for its 
white upper plumage, orna- 
mented with dark markings. 


KOKLASS PHEASANTS 


Another Central Asiatic 
group is represented 
by the seven different 
kinds of koklass 
pheasants, which 
range through the 
Himalaya from Af- 
ghanistan to Tibet 
and Manchuria. 
These birds may be 


Bhutan, Assam, and ae 


recognised by the long crest of the cocks, and the 
elongation of the feathers above the ears to form 
tufts surpassing the crest in length. The sides of the 
head are feathered, and there is no extensive naked 
space surrounding the eye; the tail is elongated and 
wedge-shaped, and the upper tail coverts are long, 
extending more than half-way towards the extremity. 

In the typical koklass (Pucrasia macrolopha), of the 
Western Himalaya, the male has the crest bright buff, 
a large snow-white patch on each side of the neck, the 
rest of the head, including the long feathers above the 
ears and the throat, black, glossed with dark green, 
the upper parts, sides, and flanks grey, with black 
middles to the feathers, the wing coverts similarly 
marked, but browner, and tinged with rufous, and the 
middle of the breast and under parts dark chestnut. 
The middle tail feathers are mostly chestnut, the outer 
pair black shading into reddish brown towards the 
base, and tipped with white, the beak is black, and the 
legs and feet are grey or purplish, and armed with a 
pair of spurs. The female has a much shorter crest, 
no ear-tufts, the plumage being black, variously marked 
with sandy rufous and buff, the throat and under parts 
white, the latter marked with black, and the undex 
tail coverts chestnut, tipped with white. 

Of this species Mr. Wilson remarks that it is 
“common to the whole of the wooded regions from an 
elevation of four thousand feet to nearly the extreme 
limits of forest, but is most abundant in the lower and 
intermediate ranges. The koklass is of a rather retired 
and solitary disposition. It is generally found singly 
or in pairs; and, except the brood of young birds, 
which keep pretty well collected till near the end of the 
winter, they seldom congregate much together.” 

Unlike the great majority of their kind, these birds 
do not separate after the business of incubation is 
over, and probably pair for life, since at whatever 
season one is found, its mate is sure to be met with 
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somewhere in the neighbourhood. Their flight is 
extremely rapid, more so than that of any other 
Himalayan’ pheasant, and when they dart down the 
side of the mountains it requires an experienced shot 
to stop them. The nest is placed at the root of a tree, 
or under some overhanging tuft of grass, and contains 
from five to nine eggs, re- 
sembling those of the monal 
in colour. 


CHIR-PHEASANT 


Before mentioning the 
typical pheasants, it may 
be observed that the ‘chir- 
pheasant (Catreuws wallicht), 
of the middle ranges of 
the Himalaya, alone repre- 
sents an allied genus. 
Resembling in general form 
and the shape of the tail 
the typical pheasants, this 
bird lacks the bright me 
tallic plumage of the latter, 
while the wing is’ of the 
monal type, with the first 
primary shorter than the 
tenth, and the head ‘is 
adorned with’a full large 


crest, most developed in the REEVES’ 
males. 
TYPICAL PHEASANTS 
Inhabitants of low-lying wooded valleys, -and 
including about a couple of dozen of | gorgcously 


coloured. species and varieties, the tvpival pheasants 
range from South-Eastern Europe across Central Asia 
to Japan and Formosa. As already pointed out, the 
wing in all these birds is partridge-like, and _ differs from 
the monal type in that the first flight feather is much 
longer than the tenth; but, unlike partridges, the tail 
is long and wedge-shaped—much longer than the wing. 
The sides of — the 
head are naked, and 
there is no crest, 
but the ear-tufts are 
considerably length- 
ened in the cocks 
and the legs armsd 
with a pair of sharp 
spurs. 

The home of the 
common pheasant 
(Phastanus  colchi- 
cus) is South-East- 
Gitte urope and 
Asia Minor, although 
the bird has for 
many centuries been 
established in Great 
Britain and various 
parts of the Con- 
tinent to the west 
of its original habi- 
tac. Although it 
is almost unnecessary to describe such a familiar bird, 
it may be mentioned that in the cock the top of the 
head is bronze-green, and the rest of the head and 
neck dark green, shading into purple on the sides and 
front of the latter; the mantle, chest, breast, and 
flanks are fiery orange red with a purplish green margin 
to each feather, the middle of the back and scapulars 
mottled and beautifully marked with buff, black, and 
orange red, the lower part of the back and tail coverts 
red glossed with purplish lake, and the wing coverts 
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sandy brown. The middle of the breast and flank are 
glossed with dark purplish green, the under parts 
brown mixed with rufous; the tail feathers light 
olive green, the middle pair being barred along the 
middle with black, the naked areas on the sides of 
the face scarlet vermilion, and the legs and feet 
brownish horn-colour. The 
female is mostly sandy 
brown, marked and barred 
with black and buff, shading 
into chestnut on the mantle 
and sides of the breast. 
The majority of the spe- 


cles allied to the common 
pheasant may be divided 
into two groups, namely, 


those inhabiting that part 
of Central Asia lying to the 
west of the meridian of 
Calcutta, which have the 
rump and upper tail coverts 
maroon or rufous, sometimes 
i-glossed with green, and 
those found to the eastward 
of that line, in which the 
same areas are greenish or 
bluish slate-colour. In the 
most westerly representa- 
tives the first group, stich 
as the common andthe 
nearly allied Persian pheasant (P. persicus)—the latter 
of which differs in having the wing coverts white, and 


inhabits the valleys to the south-east of the € Sasplan— 
there is no white ring on the neck, but farther east- 
wards occur other species, such as Severtzow’s pheasant 


(P. chrysomelas), from .the Amu-Daria, and Shaw’s 
pheasant (P: shawt), of Yarkand and Kashgar, in which 
the white ring, though absent in the typical examples, 
is in many individuals distinct or represented by a few 
white feathers. Farther north, along the valley of the 
Sir-Daria and 
ranging east 
through Turkes- 
tan to the valley 
of the Black Irtish, 
occurs the Mongo- 
lian pheasant (P. 
mongolicus), and 
still farther east- 
ward, in Zungaria, 
the allied P. sena- 
torquatus, in both 
of which a wide 
and nearly com- 
plete white collar 
is present. In the 
eastern species 
with the rump 
slate-coloured a 
NOG se Suintit tla 
arrangement oc - 
curs, the western 
and more southern 
of a white ring: 
ranging from the 
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species having little or no. trace 
although in the Chinese pheasant, 
Amur, Manchuria, and Eastern Mongolia through 
Eastern China, nand its ally, P. satscheunensis, from the 
north of the Nan-Shan Mountains, as well as in the 
Formosan pheasant (P. foymosanus), the white ring is 
well developed. 

It will thus be seen that the more northern species 
of both the rufous and grey-rumped groups have a 
white collar, while in the more southern species of both 
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CHINESE PHEASANTS IN COVERT 


types this is absent, or at best ill-defined. Since it 
cannot be considered that the individuals with traces 
of the collar found among the southern species are the 
results of interbreeding with the northern ringed 
species, when their ranges are separated by chains of 
mountains, it may be inferred that the original stock 
was probably of northern origin, and, like birds now 
inhabiting higher latitudes, possessed a white ring ; 
that as the species spread gradually southwards this 
characteristic, from some cause or other, has been lost, 
but that numerous individuals still show traces of a 
reversion to the ancestral type. 

Of the aberrant species, mention may be made 
of the strikingly handsome Japanese pheasant 
(P. versicoloy), with the under parts uniform metallic 
green, Elliot’s pheasant (P. ellioti), from the moun- 
tains of South-East China, and Hume’s pheasant 
(P. humee), from Upper Burma and the Shan_ Hills. 
In the two latter the lower part of the back is 
black barred with white, and there are only sixteen, 
instead of the normal eighteen, tail feathers. 
Still more different are Sémmerring’s pheasant (P. 
soemmerringt), of Japan, which has the plumage 
chestnut shot with purplish carmine and fiery gold, 
and Reeves’ pheasant (P. veevest), of Northern China, 
with its white crown, black collar, tawny plumage, 
and a tail fully 5 feet in length in old males. All 
the members of the genus are polygamous, each cock 
pairing with several hens. 


GOLDEN AND AMHERST’S PHEASANTS 


By far the most gorgeously adorned members of the 
whole pheasant family are found in the genus which 
includes the golden and Amherst’s pheasants (Chryso- 
lophus pictus and. C. amherstie), of the mountains of 
Eastern Tibet and Western and Southern China. The 
characters distinguishing the cocks of this splendid 
group are the long, full crest of hairy feathers and the 
cope-like mass of feathers covering the back of the 
head and neck, as well as the long tail and its greatly 
lengthened upper coverts (page 1457). 

The cock Ambherst’s pheasant, although possessing 
fewer brilliant colours than the golden pheasant, has 
the colours purer and more harmoniously blended. 
The top of the head, mantle, scapulars, and chest are 
dark bronze green, the feathers of the long crest 
blood-red, those forming the cape pure white, 
margined and barred across the middle with black 
glossed with. steel-blue, the lower part of the back 
and rump widely tipped with yellowish buff barred 
with dark green, and the long upper tail coverts 
white, irregularly barred with black and _ widely 
tipped with orange scarlet. The wings and under 
tail coverts are mostly black with dark purplish 
green reflections, the long middle tail feathers with 
arched bars and wavy lines of black, the throat and 
fore part of the neck brownish black slightly glossed 
with green, and the rest of the under parts white 
barred on the flanks with black. 
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Unlike the golden pheasant, 
both sexes have a patch of 
naked blue skin surrounding 
the eye; but the female has 
none of the brilliant plumage 
of the male, the general colour 
of the upper parts in the for- 
mer sex being rufous and buff, 
marked and barred, especially 
on the wings and middle tail 
feathers, with dark brown ; the 
outer tail feathers being chest- 
nut mixed with black and 
barred and tipped with white, 
and the breast and under parts 
mostly pale buff, barred on the 
breast and sides with dark 
brown. This species is  fre- 
quently imported from Western 
China and Eastern Tibet to 
Europe, where, being of a hardy 
nature, it thrives in aviaries. 


JUNGLE-FOWL 


In jungle-fowl which inhabit 
the Indo-Malay countries and 
many of the adjacent islands 
the cocks differ from all the 
other members of the present 
group in having a high, fleshy 
comb extending along the 
middle of the head from the 
base of the beak, and the sides 
of the face, chin, and throat 
naked and provided with one 
or two more wattles. The cock 
of the red jungle-fowl (Gallus 
banciva), with its serrated 
comb and double-wattled throat, closely resembles its 
domesticated descendant the game-cock in the colours 
of the plumage, and is a common denizen of the well- 
watered jungle country of the lower ranges of the 
Himalaya, from Kashmir to Assam, and parts of 
Central India, especially in the vicinity of scattered 
cultivation. It is also found throughout the Malay 
Peninsula and eastwards to Cochin China, Sumatra, 
Java, and the Philippines. 

When running or feeding, jungle-fowl droop the tail, 
but when challenging their rivals or paying their 
addresses to their mates they carry it erect hke domes- 
ticated cocks. Of all their kind, these birds, even in a 
wild state, are the most pugnacious, the cocks often 
fighting till,one or other of the combatants is killed. 

Besides the above, several other species are known, 
such as the Ceylon G. Jafayetti, the grey jungle-fowl 
(G. sonneratt) of India, which produces the hackles so 
much in request for making salmon-flies, and the green 
jungle-fowl (G. varius) of Java, Lombok, and Flores, 
distinguished by having an entire upper margin to the 
comb, and only a single wattle on the throat. 


DOMESTICATED FOWLS 
By Epwarpv Brown, F.L.S. 

Wide though the distribution is over the whole earth 
of the domesticated fowl, its original habitat was 
Southern and South-Eastern Asia, where, from such 
evidence as is available, it has been domesticated 
for thousands of years, but where it is still found in its 
wild state amid the jungles and forests. Thence it has 
passed to other countries by land and sea, with a value 
steadily advancing in contribution of food supply. 
Many modifications have taken place as a result of these 
forced migrations, for the jungle-fowl is not what is 
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known as a migratory bird in the same sense as those 
other members of the poultry yard, the duck and the 
goose, but the ancestry is assured, the origin fairly 
certain. 

The domesticated fowl belongs to the genus Gallus, 
and all the evidence goes to show that it is descended 
from the species described above as G. banciva, or 
ferrugineus. 

For whilst there are variations in colour of plumage 
and of legs, and, to a lesser extent, in size, the latter 
species resembles most closely our older type of game 
fowls, more especially black-reds. Some specimens 
which the writer possessed recently appeared to be like 
game in every respect, except that they weighed less 
than three pounds each, and thus were about midway 
between the game fowl and the game bantam. In 
habit, structure of body, and voice this species is closely 
allied to our common fowls, and, what is of the greatest 
importance, crosses between the two are uniformly 
ferile and hardy. 

Observations in Asia as well as elsewhere have led 
naturalists to the conclusion that G. banciva is 
practically alone in its parenthood. To this there is, 
however, one exception, namely, that the Chinese 
breeds which came to us about sixty years ago, while 
they produce, when crossed with wild birds, fertile 
offspring, yet differ so considerably in structure of 
wing and in habit that the suggestion has been made 
that these owe something to a lost species. As to that 
no proof has been forthcoming, and it is merely a theory 
with a large possibility. On the other hand, the differ- 
ences referred to may be the result of a different 
environment continued over many centuries, for we 
know that domestic fowls were taken to China at 
least a thousand years before the Christian era. 
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The hybrids between the G. banciva and the domes- 
ticated fowl are so uniformly fertile that the question 
of origin is scarcely open to question, merely leaving 
it for reconsideration in case further evidence is forth- 
coming as to other species. 

When the fowl was first domesticated it is impossible 
with our present knowledge to state. In a Chinese 
encyclopedia compiled about 1400 B.c., the fowl is 
referred to, but whether the domesticated fowl, de- 
scendant of the wild jungle bird, we cannot tell. The 
term fowl was probably used for many kinds of birds, 
as is yet the case. 

When, however, we turn to India there is more 
evidence -before us. From the fact that cock-fighting 
was known as a sport a thousand years before Christ, 
we have proof that domestication had then taken 
place. In fact, the sport named has been largely 
responsible for the popularity of the fowl in many parts 
of the world and for its dissemination. In this connection 
it is of interest to note that a reference to the sport of 
cock-fighting is found in the “‘ Codes of Mann,” about 
1000 B.c., so that we thus know it has been followed in 
India for about 3,000 years, and it is still a recognised 
pastime. In fact, it is only a little more than sixty 
years since it was prohibited in the United Kingdom, 
up to which period it held a high place, and it is closely 
linked with the history of our people and with the 
national literature for many centuries. Even to-day 
it is permitted in the north of France. 

Whether the earliest. domestication of the jungle- 
fowl was for supply of food or to afford the pleasure of 
witnessing cocks fight we have no record, and prob- 
ably never shall be able to determine that point. That 
the wild males occasionally fight, as do domesticated 
specimens, is unquestionable, but it is scarcely prob- 
able that this fact would lead to taming for that pur- 
pose. The most reasonable explanation is that the 
ancient Asiatics, who had reached at the period named 
a high standard of civilisation, were accustomed to 
kill the wild fowls for food, and that learning to know 
the value of their eggs, nests of young chicks were 
robbed, and the birds thus obtained 
brought up in confinement, where, as 
the numbers increased, the tendency of 
the cocks to fight, as they could not get 
away from each other, led them to 
breed and to rear with the definite end 
in view of producing birds showing 
great prowess in this direction. 

Were it possible to trace the history 
of the domesticated fowl right back, 
we should probably find that from the 
first breeding in captivity to the time 
when the sport as such became general, 
several centuries had elapsed. It was a 
gradual evolution, growing with the 
changed conditions of the people as 
they became centred in villages and 
towns. This concentration of popula- 
tion we know took place at an early 
period in the world’s history. Our 
supreme difficulty in finding a solution 
for the problem is that we know so 
little of what took place in India, 
China, and other Asiatic countries. Such 
meagre records as are available deal more 
with national than natural history. 

Cock-fighting as a sport does not 
enter into our present study, except 
that it has considerably modified the 
fowl and led to the development of 
meat qualities. But its influence upon 
distribution was so great that it has 


had more to do with spreading the fowl far and 
wide than anything else, at any rate until four or 
five hundred years ago, when the food or utility value 
came to be recognised more than had ever been the 
case before. From such evidence as is available to us, 
the sport of cock-fighting was very general throughout 
India and South-Eastern Asia hundreds of years before 
the Christian era, but so far as yet revealed it was not 
followed in China, where poultry-keeping has always 
been mainly for food supply, as is the case to-day. 

The migration was westward, though in an unex- 
pected manner. Not by peaceful intercommunication, 
but by conquest was the fowl started on its westward 
course. Not by reason of its value as an egg or meat 
producer, but because of its pugnacity, of its fighting 
instincts. The natural barriers which hem in the great 
Dependency to the north and west kept it free for a 
long period, but its vast treasures tempted the cupidity 
of the Persian monarchs, who, in the sixth century 
before Christ, accomplished the invasion and con- 
quest of India. To that event we owe the introduction 
of the fowl into Persia for its sportive qualities, and 
ere long it became widely disseminated in that country, 
as revealed by many old-time records. 

Thence it appears to have spread throughout the 
countries of Western Asia, but how far it is impossible 
to state. It is essential to bear in mind the wide extent 
of the Medo-Persian dominion. Probably it was from 
Persia that the game-fow] reached Phoenicia, the great 
maritime Power of the Eastern Mediterranean, whence it 
passed direct to Britain on the ships which came to 
Cornwall for tin ore, and possibly to Spain and North 
Africa. Two hundred years after the conquest of India 
the Greeks invaded Persia, and although it is as yet 
undecided whether fowls had not been known in Greece 
before that time, it is evident the enterprise of Alex- 
ander the Great made it popular in that kingdom, and 
again for its fighting quality. There it was termed the 
Persian bird. Many references are found in ancient litera- 
ture, from the time of Aristotle onwards, to the domes- 
ticated fowl, chiefly dealing with its use for fighting. 
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Thus we see that in the earlier days the value of the 
fowl was largely determined by its fighting instincts, 
though there would be large numbers of both eggs and 
birds available for food, as only a percentage of those 
bred would be used in the cock-pit. A further point is 
that by development of the qualities making for success 
as fighters the breast muscle was increased. To enable 
a bird to strike a sharp, hard blow, large wings are all- 
important, and as the breast meat forms the motor 
muscles to the wings, increase of one means increase of 
the other. To that extent, therefore, cock-fighting.has 
been of benefit. 

From Greece the fowl had an easy passage to Italy, 
which was soon to be the mistress of the known world, 
with free and frequent intercommunication between all 
the countries owning its sway. But the Roman appears 
to have been attracted by its value as a Contribution to 
the demand for food luxuries, which led to methods 
of cultivation and breeding met with nowhere else. 
It is apparent that in Italy the fowl assumed that 
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nature which has remained with it throughout all the 
succeeding centuries. 

Thence it passed over Western Europe, even to 
Britain, for the indications are that we owe what is now 
called the Dorking fowl, a race which is by no means 
confined to Britain, as similar breeds are found in 
France and the Netherlands, to the Romans during the 
time when their legions were masters of our country 
When Cesar, however, invaded Britain he found that 
the aborigines were keen cock-fighters, due, no doubt, 


to the connection with Phoenicia already mentioned. 
From evidence obtained during later years it would 
appear that whilst all these changes and migrations 
were taking place in Persia and Greece, in Italy and 
Western Europe a similar movement was In progression 
further eastward. Already it has been mentioned that 
the fowl was known in China many centuries before 
Christ, but, so far as we are aware, primarily for food 
supply. Thence through Mongolia and Central Asia 
migrations evidently took place, but as these lands 
were not for a long period subject to invasions from 
far-distant countries, the current was slow, following 
more the natural course of mankind westward, such 
as the entry of the Huns into Southern Russia and 
ultimately to Hungary, and the Mongols into Russia 
From the class of fowls in Eastern Europe, it may 
be assumed that those countries received the fowl 
from Eastern Asia rather than Southern Europe. 

It will now be of interest briefly to note the result of 
these varlous migrations, more especially upon the 
general characteristics. 
The Gallus banciva is 
found now in the jungle 
as three thousand years 
ago, probably identical in 
every respect. If, as is 
generally assumed, all or 
nearly all our races of 
domestic fowls have de- 
scended from it, whence 
have so many variations 
been obtained, not merely 
in size and shape, ranging 
from the 12-pound cochin 
or more to the 12-ounce 
bantam ; from fowls with 
14-feet tail feathers to 
those with no tails at all; 
from the long-legged Malay 
to the short-legged Courtes 
Pattes ; from the prolific 
egg-laying Leghorn to the 
almost barren Huttegem ; 
and, finally, whence are 
derived all the differences 
in quantity and colours of 
plumage ? For all these 
there must be some ex- 
planation, which it is our 
purpose now to give. 

That there is a constant 
tendency to variation in 
animals and plants even 
in their original habitat is 
generally admitted, but that 
this would have been very 
restricted is proved by 
actual facts. Under such 
conditions a few subraces. 
might have been evolved. 
These would, however, 
have differed from the pro- 
genitors to a very small 
extent. We must, therefore, seek for other explana- 
tions, which are fully available. 

Assuming that what has already been stated as to 
the methods of domestication is accepted, it will be 
evident that fact would tend to production of different 
types both naturally and by artificial selection. Where 
natural conditions are equal, uniformity is secured, 
as is seen in all classes of stock, equally by food ob-. 
tained and from the fact that such variations as. 
appear are more easily seen by eremies, and cannot 


1420 


DOMESTICATED FOWLS 


escape with the same facility. Consequently this 
protective influence is very powerful in maintenance of 
uniformity. As soon as domestication was secured 
it ceased to be potent, so that changes would speedily 
be manifest ; and as they had no real value in the hoe 
environment, one being as useful as the other, varia- 
tion proceeded at an accelerated pace. 
Further, the different food supplied, and, in many 
cases, the nature of the soil on which the fowls were 
kept, would give an added impetus. In proeess of 
time, additional thereto definite 
selection would take place. 
The Indian cock-fighters find- 
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powerful legs or wings, or having 
a given colour of plumage, proved 
to be the best, these were bred 
from On the other hand, when : 
the wod production became of ‘ 
greater importance, it would om |i 
gradually be discovered that hens ne 
of one kind were the most prolific = 
layers, and of another kind yielded 
the greatest amount of flesh ; 
they would consequently be used 
as breeders. In fact, wherever 
they are kept in large 
numbers, compared with 
the wild state, there must ,.= 
always be involved selec- 
tion, whether true or false. 
Therefore in India itself, 
whilst the jungle-fowls 
might retain their original 
form and type, it will 
be evident that under —_ 
domestic conditions varia- , ite 
tions would be frequently Ee 
met with, which fact ex- ies: : 
plains partly, at least, the ee 
many varieties of the we 
fowl in that and the ad- 
jacent countries. When, 
however, so drastic a 
change took place as 
entire removal to other 
countries where 
climate and soil were 
totally different, 
countries which have 
produced highly varied types of human beings or animals 
and plants, it will be apparent that the process of varia- 
tion would be accelerated to an enormous extent. We 
may, therefore, accept that the most potent influence in 
development of new forms, to which the terms races or 
breeds are applied, has been this forced migration. 
Therefore we may accept that the chief factor in pro- 
duction of the many breeds and varieties of breeds of the 
domestic fowls is change from one place to another. 
Under ordinary conditions, when the fowl is thus 
transferred to a fresh environment, the tendency is 
for variations to take place, some of which may not 
be met with elsewhere, and in this way new breeds are, 
in process of time, created. If it were not for what is 
salled artificial selection—that is, arbitrary mating 
with the object of producing and fixing variations— 
ultimately one type would be developed, the type that 
conforms to the special environment found in that 
district or country, and which would become the 
barndoor fowl, or poule commune. This is arrived 
at by the elimination of the least fit, which do not 
survive in the struggle for existence or are killed by 
enemies. It is here, however, where breeding for 
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special qualities now met with in many countries 
enters into consideration. 

The poultry-keeper, whether his object be sport, 
or exhibition, or food supply, makes selection of 
individual birds, and by the mating of male and female 
seeks to fix whatever is his ideal. We have seen how 
this would be helpful in producing a better race of 
fighting-cocks, and it is probable that the Indian cock- 
fighters were the first to adopt definite and systematic 
breeding of poultry. Frequently deformities have 
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been used in this way, and the quaint forms met with 
in Burma, China, and Japan were probably due in the 
first place to abnormalities, neither useful nor orna- 
mental. 

Many of the points found in different races of fowls— 
such as the shape and size of the comb, the colour of the 
face, the mass of feathers on the head (whether crest 
or beard), the feathers on the legs of some breeds, 
and the colour of the plumage—are purely arbitrary, 
and entirely due to artificial selection, regardless 
of economic value. These, however, reveal to us the 
plasticity of the fowl, and how great changes can be 
attained by mating together specimens showing the 
same variation or peculiarity. One instance of this will 
suffice. The dwarf fowl, called the bantam, is an 
Eastern Asiatic race. From it in this and other coun- 
tries have been produced, by cross-mating and after 
selection, a large number of diminutive copies of larger 
breeds. At first the crosses made are very mixed, but 
a few show the special characteristics combined with 
small size of body sought for. By elimination of all 
those which are farthest from the ideal through several 
generations it is often possible to attain the end in view, 
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though there are many difficulties and disappointments. 
Sometimes new races are produced by chance matings, 
though that is not often the case; but the majurity 
of modern breeds are due to artificial selection on the 
basis of natural variations. 

Additional to the differences in form, type, and 
colour of plumage, the combination of which make the 
respective breeds and varieties, there are changes due 
to domestication having 
an economic value. The 
first of these is, except in 
bantams, increase in size 
of body. The jungle-fowl 
is a small bird weighing 
24 to 34 pounds. Under 
domestication, where food 
is abundant and does not 
require expenditure of 
energy to obtain, increase 
of size would naturally 
follow, at first by soften- 
ing of the muscles and 
fatty deposits, but later 
by greater weight of 
skeleton and bone. 

Second, is a remarkable 
advance in the number of 
eggs produced, more espe- 
cially in lighter-bodied 
races, for great fecundity 
does not accompany large 
size. The jungle, or wild, 
hen only lays when she 
desires to form a nest, and 22 to 24 eggs would be her 
total for the year. - Under domestication, where she has 
to be fed, such a tale of eggs would not pay the cost 
of her food. Hence, where profit is desired or house- 
hold requirements are to be met, selection of the best- 
laying hens, with a view to increasing the number of 
eggs per hen, would naturally be adopted as soon as 
the rudiments of breeding 
were grasped. Occasion- 
ally hens may be found 
giving 200 and even 250 
eggs per annum, but these 
are abnormal. Averages 
of 120 to 160 are, however, 
by no means uncommon. 

Third, there has been in 
many breeds a partial or 
almost entire suspension 
of the maternal instinct, 
in what are called “‘non- 
sitters.’ This is due to 
disuse and to the fact that 
the increased. egg - produc- 
tion following selection has 
tended to delay the brood- 
ing period and, in some 
cases, to suspend it. 

Finally, it cannot be 
denied that domestication 
has tended to reduction of 
the natural vigour, though 
more where birds are kept 
in large numbers or on small areas and where hygienic 
laws are contravened. That, however, is met with in 
all animals brought into the service of man. There 
are other changes as a result of domestication or of 
altered conditions—namely, colour of shell, varying 
from deep brown to dead white; colour of legs, tS Bee 
from pure white, through pink and blue and leaden- 
black, to yellow; colour of flesh and skin, which is 
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white or grey, cream or deep yellow; and distribution 
of the edible flesh, in some breeds principally on the 
breast, in others upon the thighs. But we are unable 
to more than mention these. 


BREEDS 
Including bantams, there are known at the present 
time nearly one hundred distinct races, or breeds, of 
fowls, in addition to many 


which have not been 
accepted as_ separate 
breeds. Of these a fair 


number have several sub- 
breeds, or varieties, as they 
are called. For instance, 
of the English game fowl 
there are ten varieties, of 
which five have attained a 
fair amount of favour. 
Thus, the total number of 
breeds and _ varieties is 
nearly two hundred, and 
there are constant additions 
being made thereto, either 
by variations in the way 
already indicated or by 
definite crossing, or by 
securing races from other 
countries hitherto un- 
known. Examples of the 
last named are the Leg- 
horn and the Langshan, 
the former of which was 
imported from Italy, and the last named from China 
in the eighth decade of the nineteenth century. The 
most prominent of the “made” breeds, as they are 
called, by which is meant that they are a combination 
of older races, is the Orpington, of which there are 
four varieties. 

In some’ of these cases, such as certain varieties of 
the Leghorn, alien blood 
was introduced with the 
definite object of securing 
a different colour of plum- 
age. For some generations 
the results of such crossing 
are apparent in that the 
external characteristics are 
mixed, derived from the 
parents on both sides, but 
by selection for breeding 
those which in type con- 
form most closely to general 
appearance of the breed it 
is desired to maintain, and~ 
yet have the coloration of 
plumage of the other, it is 
possible in a few years to 
secure uniformity with the 
breed of which it is to be 
a member, and yet be dis- 
tinct in feather colour and 
markings. This is, how- 
ever, a somewhat slow 
process, and the alien blood 
frequently reappears. Another and more speedy method 
has been advocated of late, namely, the Mendelian 
theory (see Mendel’s Law, page 629), which may 
ultimately alter the entire system of cross-breeding. 
The practical value of that theory has yet to be 
proved, though there is abundant evidence to show 
that it works with considerable certainty in certain 
directions, chiefly, however, in external characters 
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With so large a number of breeds and varieties as 
already named, it will be seen that there is great 
diversity of type, not only in respect to size of body and 
colour of plumage, but also in general structure and 
productiveness. A considerable number of races have 
no economic value as regards egg-laying or meat 
qualities, and are bred for their rarity, peculiarity, or 
beauty. There can be no question that the system of 
poultry exhibitions has tended in the direction of popu- 
larising breeds which have small value practically, and 
by exaggerating characteristics which are useless injure 
the stamina and reduce the productiveness of the breea. 

One instance out of many is the Brahma. When 
first introduced, it was a fair general and good winter 
layer, and had moderate meat properties. It was in 
Britain, as it still is in America, a valuable breed for 
all-round purposes. At that time it had a modest 
coating of feathers down the outside of the legs and 
feet. But judges and exhibitors demanded more and 
more leg and _ foot 
feathering, and now 
show specimens have 
long, strong feathers, 
leading to the de- 
velopment of hock 
feathers and of heavy 
bone. As a _ conse- 
quence the chickens 
take much longer to 
grow, they consume 
more food, as feather 
and bone are expen- 
sive to produce, when 
grown they are poor 
in flesh, and the hens 
are much inferior as 
layers compared with 
the older type. Also 
in dark Brahmas at 
one time ,everything 
was sacrificed to per- 
fection of pencilling in 
the hens. Many other 
instances could be 
given, but these in- 
dicate that the ten- 
dency is for exhibition 
poultry to lose their 
profitable qualities. 

The fancier, as he is 
called, does not view 
the question in that 
light. A hen which 
only lays twenty eggs 
in the year, if the majority of chickens bred from these 
are fit for exhibition, will be more profitable than if 
she laid 200 eggs capable only of producing table 
chickens. Thus, we are compelled to relegate a con- 
siderable proportion of the known races of fowls to 
what is called the ornamental class. That breeding for 
exhibition is a fascinating pursuit cannot be questioned, 
and that it has done much to extend our knowledge of the 
workings of Nature is equally true, to which extent 1t 
merits commendation, but when carried to the extremes 
noted it may be destructive of the food qualities, and of 
the properties for which the great majority of fowls are 
bred in every country of the world. 

It is necessary, therefore, to adopt some method of 
classifying the races and varieties of poultry, and the 
method now generally followed is in accordance with 
the leading characters or qualities. Thus, such as are 
bred primarily for exhibition, and in which the number 


of eggs or amount of flesh produced are not sufficient . 


HOUDANS 


to warrant anyone keeping them for either of these 
purposes, are included in what is termed the orna- 
mental class, which includes all the varieties of bantams, 
together with many others, such as the Silkies, Sultans, 
Malay, Yokohamas, and so forth. 

In this connection may be mentioned a point which 
has never received recognition in Britain, namely, that 
many of the bantams yield as great, if not greater, 
return in eggs and flesh pro vata to the food consumed 
than do the larger breeds. In fact, bantam-breeders 
often declare that they are the most profitable breeds 
to keep even for food supply, but as the birds and eggs 
are too small for sale they must be eaten at home. It 
is their non-marketable size which has prevented 
recognition of the bantam as a practical fowl. As, 
however, they can be kept on a small space, many 
suburban residents would find that they are more than 
ornamental. 

A second large section, or class, are specially valuable 
as egg - producers, in 
that they give a 
higher average than 
do any others. These 
are, as a rule, small or 
small medium in size 
of body, ranging from 
34 to 7 pounds. This 
is a very important 
point. Experience has 
shown that if, in any. 
breed or family, one 
hen proves to be more 
prolific than the others 
she is less in weight, if 
not actually smaller in 
skeleton. And that is 
true racially as well as 
individually. The fact 
is that the food con- 
sumed goes to forma- 
tion of eggs rather 
than of flesh. Early 
laying checks growth, 
and early laying is 
necessary to proltfic- 
acy. Another point . 
is that the heavy- 
laying breeds are 
generally non-sitters. 

It would appear 
that nearly all these 
laying, or non-sitting 
breeds, as they are 
called, owe ~their 
modern form to Italian influence, which, as already 
shown, has been great in Western Europe. 

In the countries north of the Mediterranean, 
from Spain to the Transylvanian Alps, the fowls 
are very largely of one form, variations from which 
are met with in Germany and the Netherlands. 
Differences there are, but these are secondary, 
and are due to changed environment and 
ideals of - breeding. Many varieties have been 
produced, but the main quality of egg-production is 
found in all. 

Why that should be so is not explained, except that 
there is always a large and growing demand for eggs, 
whether in the household or for sale. Hence farmers 
and others would, consciously or unconsciously, select 
those which were best in that respect. Light-bodied, 
active hens are ever the better layers, and with 
increase of laying the tendency to sitting would be 
reduced. 
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The following is a list of laying races with their 
varieties, arranged as to their countries of origin : 


Breed Varieties br yenat 
Ancona .. — Italy 
Andalusian a Spain 
Braekel Gold, silver, black-headed, white, Belgium 

chamois, black, blue 
Campine ..| Gold, silver Sy) Sn Bt eee is Sie aquloa! 
Crested Dutch | Black with white crest, blue with | Holland 
white crest 
Du Mans France 
Hamburgh Black, gold-spangled, silver-span- | britain 
gled, gold-pencilled, silver-pen- 
cilled. 
Houdan.. .. ao France 
Lakenfelder .. — Germany 
Leghorn White, brown, black, buff, cuckoo, | Italy 
pile, duckwing, mottled 
Magyar .. Black, white, red, speckled Hungary 
Minorca. . Black, white eer, man Spain 
Polish . | Gold, silver, white, chamois, buff Doubtful 
Ramelsloe | White, black, speckled Germany 
Redcap. =. ee Britain 
Scotch grey .. — Britain 
Black Spanish —_—— Spain 
Transylvanian sa Hungary 
naked neck 


All the non-sitting breeds lay white-shelled eggs, and 
the majority are poor in table qualities. 

Ancona—A small-sized fowl, with mottled black 
and white plumage, yellow flesh and legs, and single 
comb, the Ancona is a very good layer of average- 
sized eggs. 

ANDALUSIAN—The Andalusian has what is called blue 
plumage, 7.e., slate-coloured; the breast feathers of 
the cock and body 
feathers of the hens 
are edged or laced 
with black ; legs 
dark; comb single. 
Prolific layers of large 
eggs ; rather delicate 
in constitution. 

BRAEKEL and Cam- 
PINE—Braekel and 
Campine are similar 
in all respects save 
size of body, which is 
larger in the former. 
The comb is single, 
and the legs dark. 
Very prolific layers 
of large eggs. 

CRESTED DutcH— 
Sometimes called the 
white-crested Black 
Polish, the Crested 
Dutch is kept for its 
ornamental purposes, 
is medium in size of 
body, with dark legs, 
and has a large 


Du Mans—A large bodied fowl, better in flesh 
qualities than the majority of this class, the Du Mans 
has a rose comb, entirely black plumage, and dark 
legs. 

A nennee One of the most beautiful races of 
fowls, combining brilliancy of plumage with sprightly 
carriage, the Hamburgh is small-bodied, has a neat 
rose comb standing well above the head with a spike 


globular crest on tees ARTES 
ihe! ead <4 good WHITE LEGHORNS 
layer, but difficult to keep in good condition. 
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behind, and dark legs. The golds have a ground-colour 
of golden bay, the silvers of silvery white, with black 
markings (paze 1456). A wonderful layer, but eggs small. 

Houpan—Once very popular in France, the Houdan 
is large-bodied, with mottled black and white plumage 
and a good crest, has pinkish white legs and feet, and 
five toes like the Dorking. Good both in egg and meat 
qualities. ; 

LAKENFELDER—The Lakenfelder is small in size of 
body, has black-and-white plumage, and is reputed to be 
a good layer. ; 

LeGuorns—Leghorns form the great Italian race ; 
light in body, very active and hardy ; have a single 
comb, yellow legs and flesh; are remarkable egg 
producers, which are good in size. This breed has 
proved one of the most useful in America, Denmark, 
and elsewhere. 

MaGcyar—Magyar is a relative of the Leghorn, 
following it in all respects. 

Minorcas—tThere are two colours of Minorcas, but 
blacks are most popular ; are large in body, with heavy 
comb; remarkable layers of very large eggs. 

PoLtisH—Mainly kep®*for exhibition, Polish are 
medium in size of body, have dark legs, and carry a 
large globular crest. Good layers, but difficult to keep 
in good condition. 

RAMELSLOE—The Ramelsloe is not much known, 
and follows largely the Italian or Leghorn type. 

Repcap—Very like the golden-spangled Ham- 
burgh, except that they are larger in body, Redcaps 
have bigger combs, and lay larger eggs. Excellent 
in hilly districts. 

ScotcH GREy—The Scotch grey is a large, some- 


what long-legged fowl, with cuckoo—.e., barred 
plumage, black on grey; mottled black and white 
: : legs; single comb; 


and a good layer. 
BLacK SPANISH— 
At one time very 
popular, but no longer 
so, the black Spanish 
has an all-white face ; 


a good layer, but 

delicate. 
TRANSYLVANIAN 

NAKED NEcK—A 


peculiar type in that 
the neck, from just 
below the head to the 
shoulders, is denuded 
of feathers; the Tran- 
sylvanian naked neck 
is hardy, and a good 
layer. 

The third class of 
fowls are those which 
are especially good in 
meat qualities, and, 
as a rule, these are 
large, but not very 
large, in size of body, 
ranging from 6 to Io 
pounds. In some 
cases the weight is 
not much, under ordinary conditions, in excess of the 
heavier non-sitting breeds, but they have the capacity 
for laying on a great quantity of flesh naturally inthe 
autumn of the year, or as a result of fattening, 
while the bones are light and spongy. 

Some are fairly good layers, whilst others are poor in 
that respect. The main point is that the flesh is found 
more on the sternum, or breast, than on the thighs, and 
is accompanied by large wings. Consequently, they 
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are prominent in front and deep in body. The better 
Taces have white flesh, with either white or dark blue 
legs, for yellow flesh and legs mean harder meat. 


BROWN-RED GAME 


They grow quickly in most cases. The following are 
the leading meat breeds : 


| rie Country 
Breed Varieties on One 
Bresse .. ..| Black, white, grey, blue France 
Bruges game..| Red, black, white, blue Belgium 
Courtes Pattes France 
Crevecceeur .. —— France 
Dorking Dark, silver grey, white, cuckoo red | Britain 
Games Black-red, bright-red, brown-red, | Britain 
blue-red, pile, duckwing, white, 
black, spangled 
Cornish game Britain 
La Fléche | France 
Sussex Red, speckled, light .. . | Britain 


Bress—E—tThe great table fowl of France, the Bresse 
is medium in size of body, which is long, with a single 
comb and dark legs. Fattens to a great size, and is 
also a good layer. 

Bruces GaME—A big, heavy-bodied fowl, the Bruges 
game is slow in growth, but carries a large amount of 
meat. The colours are as given above. Is used for 
crossing. 

CourtEs Patres—A_ short-legged fowl, entirely 
black in plumage, with single comb and dark legs, the 
Courtes Pattes is deep in body and carries a large 
amount of fine quality flesh. 

CREVECGUR—The Crevecceur is large in body, 
heavily feathered, and has a big crest ; dark legs, fine 
in bone; is excellent in its meat qualities. 

Dorxkinc—Known in Western Europe for two 
thousand years, from the time of the Roman Empire, 
the Dorking is square in body, which is long and deep, 
with large wings; feet medium in length, pure white 
in colour, as is the flesh and skin, and with five toes ; 
single comb, except the white variety, which has rose 
comb. Requires a dry soil. 

GamME Fowrs—Game fowls vary greatly in colours, 
of which #*list is given above. The old fighting types 


are medium in size of body, with large wings, and stout, 
strong legs. These are full in breast and carry a great 
amount of flesh. The modern exhibition game are long 
in neck and legs, finer in bone, and have smaller bodies. 
Of the former especially, some varieties are good 
layers. All are active in habit, and generally brilliant 
in colour of plumage. 

CORNISH, OR INDIAN, GAME—The Cornish, or Indian, 
game are very heavy and thick in bone, rather long in 
the legs, which are deep yellow in colour, as is the flesh 
and the skin. They are largely brown in plumage, and 
have a small walnut comb. The breast meat is very 
abundant, but somewhat hard. For crossing they are 
very valuable. Poor layers of very rich eggs. 

La FL&icuE—A big fowl, La Fléche is entirely black 
in plumage, with black legs and a double horned comb. 
They are chiefly used to produce winter fowls, for which 
purpose they are excellent, carrying a large amount of 
beautifully white flesh, and fattening to a great size. 

SUSSEX—Sussex is the name applied to a four-toed 
race found in the South of England, and a relative of 
the Dorking, which it resembles in table qualities, 
though not so large and deep. It has pure white legs, 
feet, and flesh, is fine in bone, and fattens to a great 
size. The comb is single ; of the colours named above, 
the red and speckled are the best. The hens are early 
layers. 

The fourth class comprises races which are much 
more modern, so far as western knowledge is concerned, 
and owe much te fowls imported from China in the first 
half of the nineteenth century. Several of the most 
popular breeds of to-day, notably Malines, Orpington, 
Plymouth Rock and Wyandotte, were produced by a 
intermixture of other races with the Asiatics, but they 
conform more to the latter than to the former. These 
are among our largest fowls, varying from 8 to 12 pounds, 
due in large measure to heaviness of bone, as they are 
long in the leg and massive in build, and as the wings are 
small in relation to the body, the thighs carry the greater 


DUCKWING GAME 


amount of muscle. In that respect these general 
purpose breeds do not compare favourably with the 
class last-named, though there are considerable 
differences in the various races. 
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In the greater number the flesh is either yellow or 
greyish white or creamy white. While they do not 
give the total number of eggs per annum attained by 
the non-sitters, in one respect they are superior—namely, 
that they are better layers in winter, and as their eggs 
are uniformly tinted in the shells, the value of the 
produce is considerably enhanced thereby. All the 
general purpose and nearly all the table breeds are good 
sitters and mothers, and the fact that they are tame and 


very hardy explains their popularity. The chief 
general purpose races known are : 
Tarietie Country 
Breed Varieties of Origin 
| 
Bourbourg France 
Brahma.. Dark, light.. .. China 
Cochin .| Buff, black, white China 
Faverolles .| Salmon, light, black .. France 
Langshan | Black, white, blue) .2 ..  «. China 
Malines .. Cuckoo, white, turkey-headed Belgium 
Orpington Black, buff, white, spangled England 
Plymouth Barred, white, black, butt United 
rock States 
Rhode Island | — United 
red States 
Wyandotte Silver, gold, white, black, buff, | United 
partridge, silver-pencilled, buff- States 
laced 


Of the above, the Faverolles, Malines, and varieties of 
Orpingtons, except the black, have white flesh and skin. 

BouRBOURG—A breed 
found largely in Northern 
France, said to be related to 
the Malines, the Bourbourg 
is large in body, light in 
colour of plumage, has a 
single comb, is fair in flesh 
qualities, and a good winter 
layer. 

BrRAHMA—The Brahma 
was originally brought from 
Asia, and for many years a 
most popular breed, as it 
was very hardy and a good 
winter layer. It has heavily- 
feathered legsand feet. Now 
it is almost entirely an ex- 
hibition fowl in Britain, but 
in America the ight Brahma 
is much used for practical 
purposes. 

Cocuins—Also from the 
Far East, Cochins are 
descended from the Shang- 
haes of sixty years ago. 
They are large, handsome 
fowls, rich in colour, with 
great feather development 
on body and legs. Poor as 
layers and for meat properties, they are also chiefly 
kept for exhibition. 

FAVEROLLES—A composite breed of good properties, 
as it is large, quick in growth, a good layer, and has fair 
table qualities, the Faverolle in body is upright, rather 
short, and the favourite colour is salmon, though blacks 
are found to a considerable extent. 

LaNGSHAN—AS a pure Chinese fowl, the Langshan 
has evidently been bred in that country for a long time. 
In the blacks, of which the other varieties are sports, 
the plumage is brilliant blue black. The legs and feet, 
which are dark, are slightly feathered. The flesh is 
creamy white. The hens are excellent winter layers 
of very rich eggs. There are now two types—the 


BLACK 


-Wyandotte—silvers, in which 


LANGSHANS 


original Croad, medium in length of leg, and the 
modern, which is very long in the shanks. ee ee 

MaLines—This breed is a large, massive bodied fowl, 
with broad but not heavy bone, tall and deep. The 
cuckoo and white have single combs. All are white 
in flesh and legs. They make the famous poulets de 
Bruelles, as this breed is chiefly kept for meat 
production. A good winter layer. 

OrPINGTON—One of the most popular breeds known, 
though introduced less than twenty years ago, the 
Orpington is large in body, which is deep, on medium 
legs, white in colour, as is the flesh of all save the blacks. 
The last-named are very dark in legs and feet. The 
buffs, whites, and spangled are quick-growing fowls, 
with a fair quantity of flesh, and have the rare com- 
bination of white flesh with production of tinted-shelled 
Good winter layers. 

Rocx—A large, tall-bodied fowl, the 
Plymouth rock has longish yellow legs. The flesh, 
as in all American races, is also yellow. The barred 
variety have transverse black bars on steel-grey ground- 


eggs. 
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colour, the others are self coloured. Good winter 
layers, and fair in flé3m qualities, they are very 


hardy indeed. 

RHODE IsLanD REp—A large bird, very rich brown 
in colour of plumage, with a black tail, the Rhode Island 
red has the comb single, and in some cases rose. Good 
layer. 

WyYANDOTTE—At first there were two varieties of 
the ground-colour is 
silver-white, and golds, with 
ground - colour of golden 
bay. In both, the feathers 
are edged. or laced with 
black, giving a _ pleasing 
appearance. Size, medium, 
having a compact body, on 
legs of moderate length, 
which are yellow. The comb 
is rose, following the line of 
the skull. Excellent winter 
layers and fair in meat 
qualities. 

For all the races of fowls 
which have been taken up 
by exhibitors standards of 
excellence are available, giv- 
ing in detail the respective 
features and points. These 
are issued by the Poultry 
Club, or by the specialist 
clubs, of which latter there 
is.a large number, formed 
in the interests of the in- 
dividual breeds. While the 
values of external charac- 
teristics vary in relation to 
the difficulty met with in 
breeding even to a measure of 
perfection, in the majority of cases they are not antago- 
nistic to the practical qualities except when developed 
excessively. That there is always a tendency to such 
excess cannot be questioned, and great harm has 
resulted wherever found. 

The correlation of external characteristics with 
economic qualities has only been touched very slightly. 
We know, however, that there are several of the former 
which are indicative of the latter. For instance, the 
colour of the leg tells that of the flesh and skin, and to 
some extent that is true of the beak-colour. Size of 
comb increases with egg production, and texture of 
comb tells whether the flesh is fine or coarse. 

EDWARD Brown 
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The keeping of poultry as an organised industry has 
only been recognised for some twenty-five years, but 
to-day it may be reckoned as the most important of 
the minor branches of agriculture, and it is believed, 
moreover, that this industry will continue to be of 
increasing value to those who make their livelihood 
on the soil. 

As a source of national food supply, and of the 
greatest good to the largest number, farm poultry keep- 
ing must ever take precedence over the more intensified 
methods as employed on poultry farms. If the 
greatest benefit is to be derived from the industry it 
must be followed by all those who are associated with 
agriculture, for not 
only will production be 
greater under such con- 
ditions, but the profits 


accruing will be dis- 
tributed amongst a 
larger portion of our 


rural population. 

To regard poultry 
keeping as a separate 
industry requires many 
considerations. Fowls, 
by their requirements 
and the effect they have 
upon the soil, need to 
be associated with some 
form of cultivation. If 
poultry keeping is to 
continue to hold its 
present position, and, 
moreover, to go on in- 
creasing its value as a 
money-making business, 
it must be regarded as 
supplemental, and it is 
along these lines that it 
will be discussed. 

Apart, however, from 
farm poultry keeping, 


FARMING 


profitable. The birds were formerly kept by the 
women-folk on the farms, and any profit they were 
able to make was regarded by them as “‘ pin ’’ money. 
Although this was considerable in some instances, it 
must be conceded that, by lack of knowledge and 
inattention to detail, a full return was not received. 
This state of affairs is more common even to-day 
than is desirable, but all over the country farmers are 
beginning to realise that fowls, kept under modern 
hygienic conditions and looked after with the same 
regularity and care as is bestowed on larger stock, 
will show as large a proportionate profit as cattle, 
sheep, or pigs. Before this industry, however, can be 
raised to a position corresponding to its money- 
producing capacity, new 
systems must be adopted 


and modern methods 
introduced. 
On the production 


side certain alterations 
are necessary, the most 
important of these being 
with reference to hous- 
ing, hatching, rearing, 
anid) siee da nicaemmee ne 
common practice of the 
past has been to house 
poultry in sheds in the 
farmyard, or at the best 
the rick-yard, and in 
houses frequently much 
too small for the num- 
ber of birds kept, which 
had no pretension as to 
ventilation or cleanli- 
ness. No stock can 
thrive, much less show 
profit, when kept under 
such conditions, and it 
is a matter of surprise 
that any returns have 
been obtained at all. 


there are two other sets 
of conditions under 
which the work can be 
followed _ profitably— 
namely, by cottagers 
and suburban residents. 
Although the individual production in these cases must 
of necessity be small, still the accumulation of the 
produce will in the aggregate be considerable as a 
means of supplying our home markets, and at the 
same time, the small wages earned by the classes 
named will be augmented. 

To-day the consumers of England, Scotland and 
Wales are spending annually upwards of £21,000,000 
on poultry produce alone, of which £8,000,000 worth 
is imported. But, more than this, the demand is 
increasing yearly, and will continue to do so, for the 
supplies of foreign eggs and poultry of the better 
quality are becoming less and less. Never was there 
a more favourable opportunity for poultry keepers 
than the present, whether they belong to the farming, 
cottage, or suburban class. 

The meaning of the term farm poultry keeping is 
one that is frequently misunderstood. It is used 
simply to describe the system of maintaining fowls 
on farms and running them in conjunction with the 
ordinary farm cropping. In one sense this industry 
has been followed for many generations, but it is only 
within recent years the belief has become general that 
poultry kept under such conditions could be made 
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Fowls are by nature 
foragers, in that, given 
the opportunity, they 
will gather a large pro- 
portion of the food 
necessary for them, but 
when housed in the 
way indicated this was unobtainable. Again, the 
manurial value of each adult bird is about 1s. per 
annum, and when the only ground over which they 
are allowed to wander is the farm or rick yards, this 
is largely wasted. These two factors together show 
that the best method is to keep the poultry out on the 
fields, away from any land that is not being cultivated. 

At a low estimate birds at liberty will gather one 
half of their food, taking the year round, food that is 
infinitely better for them than any artificial grain or 
meal that can be supplied. The value of the manure 
produced being equal to a shilling, housing the fowls 
on the land reduces the cost by two-thirds as against 
keeping them in some permanent building within 
the yard. 

By means of portable houses the birds can be moved 
from one part of the farm to another, as the rotation 
of crops demands, greatly to their own benefit and the 
good of the soil. The best type of house that can be 
used is one measuring 8 feet long by 5 feet wide; 
5 feet high to the eaves, and 7 feet to the gables. The 
lower hali of one of the long sides of the house is 
boarded, the upper portion being wire-netted, which 
is covered at will by means of a shutter hinged at the 
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top. The material used in construction is j}-inch 
tongued and grooved matching, covered with felt or 
tarred. A floor of 1-inch wood finishes the house. 
The whole is raised on three or four wheels, or on 
wooden runners, to facilitate moving. Ventilation 
holes are provided near the gable at each end. The 
perches are placed lengthwise at the back, and the 
nest boxes can be fixed under the wire front. Such 
a house would accommodate twenty-five adult birds 
or a larger number of growing stock. The initial cost 
is certainly rather more 
than when permanent 
houses are employed, but, 
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Nest-boxes for hatching are best placed in some 
quiet shed or outhouse, away from the other stock, 
and where the hens can be kept warm. It is a mistake 
to sit hens in the ordinary fowlhouse. A very useful 
double nest is made 2} feet long by 15 inches wide and 
15 inches high, and divided into two compartments. 
The walls are made solid, the top is in two halves, and 
fitted loose to form lids, and the bottom is covered with 
t-inch mesh wire netting. Ventilation holes are bored 
at the top and bottom of the sides to ensure a sufficient 
circulation of air. To 
make the nest a few 
shovelfuls of earth are 
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purchased for from 55s. to 
Sos., carriage paid, or, if 
made on the farm, for a 
less sum. 

In the majority of cases if KSSRK RSS 
when fowls a kept under | _ 
farm poultry keeping 
conditions, the work of 
hatching is carried out in 
a very haphazard fashion. 
If fowls are to lay in 
winter, it is not sufficient 
that they belong to the 
winter-laying class, for the question as to the time 
they are hatched is very important. The best period 
to bring out the chickens must of course depend on 
local circumstances, but it is usually found that March 
is the most profitable month. 

If the birds are hatched too early they will lay in 
the summer and in all probability moult the same 
autumn, not beginning to lay again until after the 
New Year, and, further, if hatched too late, the stock 
will be under the laying age when the cold weather 
sets in, and hence no eggs will be produced until the 
early spring. 

The chief difficulty usually experienced on farms 1s 
that there are practically 
no broody or sitting hens 
during February, and 
hence hatching operations 
are delayed. If hens are 
not available, then resort 
must be had to artificial 
means. Incubators pro- 
duce such good results 
and are so reasonable in 
cost that every pouitry- 
keeper can afford to invest 
in one or more. The 
great advantage of a 
machine is that it is ready 
for work at all seasons of 
the year, and, if looked 
after properly, will not 
spoil the eggs, as is so 
often the case with broody 
hens deserting their nests. It is unnecessary here to 
give any directions for working incubators, for the 
makers supply these with each machine. 

If sufficient hens can be obtained for hatching during 
February and the early part of March, they should 
certainly be used, for it is still a fact that naturally- 
hatched chickens are better in many ways than those 
brought out artificially. The appliances necessary are 
few and inexpensive, and can usually be made at 


home. 
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the corners, and covered 
with a little broken straw. 

All hens should be 
allowed to sit for at least 
: twenty-four hours’ on 
all dummy eggs before they 
f f iF are entrusted with good 
Hl Myti | ones, so as to accustom 
them to their new sur- 
roundings. When once 
settled it is better to place 
the eggs under each hen 
in the evening. To feed 
each day, lift the hen off by the wings and then either 
tether by the leg to a stake in the ground, or, better 
still, place in a special feeding-cage, and give a 
mixture of maize and barley, water, and a dust bath. 

Whether the eggs are being hatched naturally or 
under artificial conditions, on the seventh day it is 
wise to test them for fertility. This is done by passing 
the eggs one by one before a candle or lamp and noting 
their condition. If infertile they will appear trans- 
lucent, if fertile the centre will be dark, shading off 
to light at the edges. In those eggs which have white 
\clear shells in all probability the germs and the sur- 
rounding network of veins will be discernible. The 
infertile eggs can be used 
for feeding the chickens 
during the first few days 
of their existence. ; 

The great advantage of 
testing out on the seventh 
day is that if a number of 
the eggs prove infertile, 
and two or three hens 
| have been set at the same 
| | | ~~ time, the remaining eggs 

can be placed under one 
or two hens, as the case 
may be, and the other 
hen re-set. This isa great 
saving of time when hens 
are scarce. The advan- 
tage noticed when the eggs 
are In a machine is that 
better results are attained 
when the infertile eggs are discarded as it leaves that 
more space in the drawer, thus giving additional air to 
the live embryos remaining. 

When only a limited number of chickens are reared 
annually—say, one or two hundred in the spring— 
natural means should be employed. In March there 
are usually sufficient sitting hens available, and since 
it is not necessary for these to sit out the entire period 
before they will take to a brood of chickens, they can 
be used for rearing alone. Even with incubator-hatched 
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chickens natural: rearing can be followed most success- 
fully. After a hen has been sitting on dummy eggs 
for three or four days, if chickens are placed under her 
in the evening she will generally take kindly to them. 

The most serviceable form of coop for rearing is 
that known as the double coop. This is 4 feet long, 
21 inches wide, 18 inches high in front, and 15 inches 
high at the back. It is divided into two compartments, 
one 21 inches long and the other measuring 27 inches. 
The smaller section is for the hen, the larger for a 
scratching-room for the chickens. The ends, back, 
top, and front of the smaller compartment are made 
solid, the partition and the front of the larger section 
are fitted with slats 2 inches wide and 2 inches apart. 
The centre slat in each case is made loose to form a 
door. A strong movable wooden floor is fitted. 
The top is best made in two parts, both opening to 
form lids; the solid front of the smaller part is also 
fitted as a door. The advantages of such a coop 
are many, for the hen can be kept apart from 
the brood, the latter 
can be fed alone, and the 
second compartment 
forms a good exercise 
ground for the young- 
sters during bad wea- 
ther. The cost of such 
a coop, if made at 
home, should not ex- 
ceed 3s. 6d. 

Of the two recognised 
systems of feeding, that 
known as the “dry” 
method is the better. 
It consists of feeding 
right from the begin- 
ning with a mixture of 
small seeds and grains, 
which are scattered in 
the chaff used as litter 
on the floor of the 
scratching-room. This 
is continued for a 
month, when one feed 
of soft food is given 
first thing in the morn- 
ing, and the mixture of 
grains fed for the rest 
oftheday. Whensixor 
seven weeks old two feeds 
of soft food, augmen- 
ted with two of grain are 
sufficient. Green food, re aley 
water, and grit are essential trom the beginning. The 
advantages possessed by this method of feeding over 
the “wet” system are that, having to scratch for all 
their food, the chickens obtain plenty of exercise, and it 
also saves a considerable arnount of labour in feeding. 

If the birds are kept at liberty the question of feeding 
the adult stock is rendered more easy, for a small feed 
of soft food in the morning and a feed of grain at night 
will prove ample. The most suitable meals to employ 
for the soft food are barleymeal, toppings (sometimes 
called middlings, thirds, pollard, and sharps), cooked 
potatoes, steamed clover-hay chaff, and house refuse. 

The evening feed can be made up of barley, oats, 
buckwheat, and in winter a little maize ; wheat is 
too expensive a food for poultry unless there is any 
tail wheat produced on the farm, in which case it makes 
a very suitable addition. Only a few foods have been. 
mentioned, but practically any crop grown on the farm 
may be utilised, and attention should be paid to the 
special feeding value of each food given. 


PORTABLE 


POULTRY LAYING-HOUSE 
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_ Under ordinary conditions winter egg-production 
is the best paving branch of farm poultry keeping, 
but under certain circumstances the preparation of 
table poultry can be made profitable. In marketing 
the eggs the fol owing points should be borne in mind : 

I. Keep the nests clean, so that the eggs will not 
require washing, thus losing their bloom. 

2. Grade the eggs into two or three sizes after dis- 
carding the very large and small ones. 

3. Pack them in clean cases, that will travel safely 
and be easily unpacked ; and 

4. Market them when they are fresh. The last- 
mentioned point is very important, since for the best 
trade eggs must not be more than three days old when 
they reach the retailer. All eggs should be marketed 
twice a week in winter, and three or four times during 
warmer weather. As stated before, under certain 
circumstances the fattening of poultry can be made 
profitable under farm poultry keeping conditions, 
therefore a few words cu this subject may not be 
out of place. The best 
demand for chickens is 
in the spring of the year, 
the highest prices being 
realised from February to 
May. These birds require 
to be about 3% pounds in 
weight, and to be in 
good condition. 

The birds—usually the 
surplus. cockerels and 
some of the too early 
hatched pullets —are 
taken when two and a 
half to three months old, 
placed in fattening cages, 
and fed specially for flesh 
production. They are 
given two feeds a day, or 
three in the case of the 
youngest, of soft food 
prepared from ground 
oats mixed to the con- 
sistency of thick cream 
with soured skim milk. 
This is continued for 
some ten days, or until 
the natural appetite of 
the birds begins to fail, 
at which time they can 
either be killed off in half 
fat condition, or the pro- 
cess can be continued by 
artificial means for another period of like duration. If 
this is done, the same food is used, but in addition a 
quarter of an ounce of fat per bird per day is given 
increasing to half an ounce by the end of the time. 

Cramming, as it is called, can be carried out in one 
of three ways—namely, by pellet feeding, funnel feeding, 
or by means of acramming machine. Ifa large number 
of birds are to be operated on, the last-mentioned 
method should be employed, but if the number is 
limited, either of the others will produce as good 
results. Before killing, the fowls should be starved for 
twenty-four hours, so as to empty the digestive tract 
of food. If this is not done the birds will deteriorate 
rapidly. Killing is best accomplished by dislocation 
of the neck, and plucking should follow immediately. 
Dry plucking is preferable to feathering by the wet 
method, as it leaves the skin in better condition. Pack- 
ing should never be carried out until the body warmth 
has been lost, and should then be in well-made wooden 
cases or shallow baskets. WILLIAM BRowN 
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PEACOCK-PHEASANTS 
The handsome peacock-pheasants  (Polyplectron) 
present a type characterised by the large, full, and 
rounded tail ornamented with metallic eye-like 
spots, the sides of the face naked, or nearly so, and 
the legs of the males armed with two, and sometimes 


PEACOCK-PHEASANT 


three, pairs of spurs. Having a distribution very 
similar to that of jungle-fowl, they extend into India 
only so far east as Darjiling, and inhabit the dense 
hill-forests ranging from a little above sea-level to an 
elevation of some six thousand feet. 

The grey peacock-pheasant (Polyplectron chinquis) 
of the Indo- Burmese countries is a remarkably hand- 
some bird, the male having the general colour of the 
upper parts brown dotted “all over with dirty white, 
and each of the feathers of the mantle and wings 
ornamented with a large, round, dark green eye-spot, 
showing violet, purple, and blue reflections, and edged 
with successive rings of black, brown, and dirty white ; 
the upper tail-coverts and tail feathers being similarly 
ornamented with pairs of oval spots, situated on each 
side of the shaft at some distance from the extremity, 
and appearing wholly green in one light and purple in 
the other. The throat is thinly covered with white 
feathers, and the rest of the under parts are brown 
with irregular, mottled, and dotted bars of dirty 
white; the naked skin on the sides of the face being 
pale fleshy yellow. The female is darker, and has the 
eye-spots on the back and wings represented by 
black spots slightly glossed with purple, while those 
of the tail are only present on the outer feathers and 
are much reduced in size. 

Mr. Clarke states that this species 
the north-east of Cachar, 
where it is found in dense 
bamboo - jungle, on the 
sides of ravines, and on the 
tops of the lower ranges of 
hills, wherever there are 
jamum trees, as well as on 
the banks .of the river 
Barak, wherever it is well 
wooded. On the rocky 
faces of the Barak banks 
there is a tree which, 
during the rainy season, is 
partly submerged, but in 


“ig common in 
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cold weather bears a fruit with seeds like those ofa 
chilli. On these the birds feed greedily in the early 
morning and towards sunset; insects and worms, with 
this fruit, form their chief food, but I have on one 


occasion found small land-shells and pebbles in the 
stomach of an adult male.’’ 
ARGUS-PHEASANTS 
Among the most remarkable repre- 


sentatives of the family are the splendid 
argus-pheasants, distinguished by their 
large size, enormously dev eloped and eyed 
secondary quills, which far exceed the 
outer flight feathers in length, and the 
extremely long middle tail feathers. 
The shape of the wing is_ specially 
remarkable, and may be regarded as 
representing the extreme developments 
of the monal-type; the first flight 
feather being the shortest, and the 
tenth the longest, or exactly the reverse 
of what obtains in quails and snow- 
partridges. 

The typical argus (Argusianus gigan- 
teus) is a native of the luxuriant forests 
of Siam, Tenasserim, the Malay Peninsula, 
and Sumatra, while in Borneo the 
smaller Gray’s argus (A. grayi) takes its 


place. In the cock of the former the 
naked areas of the sides of the head, 
throat, and fore part of the neck 
are dark blue, the feathers on the crown and 
the short crest black, the upper parts beautifully 


chequered, mottled, or spotted with black and buff, 
the chest rufous barred with black, and the rest of the 
under parts black with wavy bars of chestnut and 
buff. The primary wing feathers are ornamented on 
the outer webs with closely approximated rows of 
black and rufous spots, and the basal part of the inner 
web shows a rufous band minutely dotted with white 


and margined by a yellow black-barred line. The 
outer webs of the enormous secondary quills are 
adorned with a series of large white, yellow, and 


rufous eye-like spots, each surrounded by a black ring. 

In total length the cock measures 6 feet from the 
beak to the end of the tail. 
colouring of the male, 
mental marking, 


and 


The female has the general 
but lacks the beautiful orna- 
as well as the enormously developed 


secondaries middle tail feathers. Mr. Davison 
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writes that these pheasants are quite 
solitary, every male having “his own 
‘drawing-room,’ of which he is excessively 
proud, and which he keeps scrupulously 
clean. They haunt exclusively the depths 
of the evergreen forests, and each male 
chooses some open level spot—sometimes 
down in a dark, gloomy ravine, entirely 
surrounded and shut in by dense cane- 
brakes and rank vegetation, sometimes on 
the top of a hill where the jungle is 
comparatively open—from which he clears 
all the dead leaves and weeds for a space 
of six or eight yards square until nothing 
but the bare clean earth remains, and 
thereafter he keeps this place scrupulously 
clean, removing carefully every dead leaf 
or twig that may happen to fall on it from 
the trees above. 

“These cleared spaces are undoubtedly 
used as dancing-grounds, but personally I 
have never seen a bird dancing in them, 
but have always found the proprietor 
either seated quietly in, or moving back- 
wards and forwards slowly about them, 
calling at short intervals, except in the 
morning and evening, when they roam 
about to feed and drink. The males are 
always to be found at home, and roost on 
some tree close by.”’ 

A nearly allied pheasant is the still more 
splendid Rheinhard’s argus (Rheinhardius 
ocellatus), from the mountains in the 
interior of Tonkin, in which the secondary 
quills are not longer than the primaries, 
though in the cock the middle pair of 
tail feathers is enormously lengthened, 
wide at the base, and tapering to the 
extremity. The cock of this species 
measures about 7 feet, from the bill to the 
end of the tail. 


PEA-FOWL 

The gorgeously-coloured pea-fowl differ from all the 
birds already noticed in having the upper tail coverts 
developed into a long train far exceeding the tail in 
length. The common _ species (Pavo cristatus) of 
India, Assam, and Ceylon is too familiar to require 
description, but in the Indo-Chinese countries, ranging 
in the north from Chittagong westwards through 
Siam to Cochin-China, and south through the Malay 
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Peninsula to Java and possibly Sumatra, there occurs 
the Burmese pea-fowl (P. muticus), the cock of which 
is distinguished by having the crest feathers more 
elongated and equally webbed on each side of the 
shafts, while the wing coverts and scapulars are black. 

Widely, though locally, distributed over the whole of 
India, the common species prefers jungly ground in the 
neighbourhood of water and cultivation, but does not 
as a rule, range to an elevation of more than four 
thousand feet, though it has been obtained as high as 
six thousand. In India the Hindus regard pea-fowl with 
a superstitious reverence, and object to their being 


shot; and in native Hindu States, the prohibition being 


absolute, they are unmolested either by Europeans or 
natives. Ina variety known as the japanned pea-fowl 
the whole of the wing coverts, scapulars, and second- 
aries are brownish black, glossed with purple 
and edged with 
PTS ea Clete 
thighs black in- 
stead of buff It 
closely resembles 
hybrids between 
the two species al- 
ready mentioned, 
but arises inde- 
pendently in 
flocks of the com- 
mon pea-fowl 
which have been 
pure bredator 


half of the beak. .~ 
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years. Possibly it may be a case of reversion to the 
ancestral type, as it is unknown in a wild staté 
GUINEA-FOWLS 


A separate subfamily, the Numzdine, is constituted 
by the guinea-fowls, which are the sole representa- 


tives of the pheasant tribe in the African continent. ° 


Among their distinctive features is the similarity in 
the colour of the plumage in both sexes. Before 
passing to the better-known genera, brief reference 
may be made to two rare West African forms, of which 
the black.»guinea-fowl (Phasidus ° niger), occurring 
between Cape Lopez and Loango, is smaller than the 
common guinea-fowl, and has the whole.of the plumage 
blackish brown, obscurely pencilled with brown. With 
the exception of a band of black féafhers from the 
base of the beak to¥the oeeiput, the head and neck are 
almost entirely naked, the skin being yellow shading 
into orange on thé throat and neck. In the cocks ‘the 
metatarsus is.armed with a pair of stout spurs, thus 
showing an approach to the pheasants. . 

The second of the twain is the turkey guinea-fowl 
(A gelastes meleagrides), met with from Liberia.to.the 
Gabun, recognisable.by the whole head and neck being. 
naked. On the head the bare areas are red, but they 
become darker on the crown and hind part of the 
neck, while the lower portion of the neck is milky 
white ; the mantle and chest are white, and the rest 
of the plumage black finely mottled with white. As 
in the first-named species the legs of the cocks are 
each armed with a pair of short stout spurs. 

The typical guinea-fowls, represented by about a 
dozen species,,are particularly characterised by the 
naked head surmounted by a more or less elevated bony 
helmet, the presence of a pair of wattles at the angles 
of the gape, and the black and white spotted plumage. 
These birds are distributed all over Africa, except the 
more northern parts, as well as Madagascar. The 
common species (Numida 
meleagyis), which is a native of / 
West Africa, where it ranges 
from Senegambia to the 
Gabun, may be distinguished ’ 
by the wide purplish grey _ 
collar covering the upper part chan 
of the mantle and chest. The 
bare skin on the sides of the, 
face, neck, and chin, as well ° { 
as the wattles,is red, and the ,; i 
rest of the neck bluish. Like a 
the rest of their tribe, these = 
birds are highly gregarious, 
often collecting in large flocks, st ye 
particulasly on grass-covered , _, 
plains-bordering forests. Ex- | 


guinea-fowl (Guttera cristata), one of several species 
belonging to a group characterised by having a well- 
developed crest of black feathers, the general colour of 
the plumage being black spotted with pale blue, and 
the first four or five secondary quills margined with 
white, soyas te produce a white band along the 
wing when closed., This handsome species is further 
characterised’ by ‘the uniform black collar covering 
the upper part of the¢chest, and also by the cobalt- 
blue colour of the naked skin of the head and neck, 
that of the chin and throat being red. 

-This is another’ West African bird, ranging from 
Sierra Leone to the Gold Coast ; its habits appear to 
be similar to those of the common guinea-fowl. Allied 
kinds of both the above-named genera inhabit Southern 
and Eastern Africa, but require no special mention on 
the present occasion. A still more striking and remark- 
able bird is the so-called» vulture-like guinea-fowl 


*(Acryllium vulturinum),a native of Eastern and possibly 


Western Africa, characterised by the head and the 
upper half of the neck being naked, and covered with 
cobalt-blue skin, withthe exception of a horseshoe- 
shaped band of velvety feddish brown feathers round 
the nape. The feathers of the neck, chest, and mantle 
are developed into long black pointed hackles, with 
white shaft-stripes and cobalt margins, the rest of the 
upper parts being black, minutely dotted all over with 
white, and marked with small round black-edged spots . 


tremely shy and difficult of ‘  . e oe ee f 
approach, they always. prefer tnt.” Segue Oo 


to escape by running, and ‘in < 
this. respect have few equals. 

The Abyssinian» guinea- 
fowl -(N. ptilo- : 
yhyncha), which» 
extends into equa- 
torial Africa, is 
peculiar in having 
a bunch of horny 
‘bristles at the 
base of the upper 


In the right-hand » 
figure of+ the illus- 
tration. is repre- 


. sented the crested 
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to the duties of incubation, 
while the male, in addition 
to neglecting such labours, 
is even reported to destioy 
the eggs and young chicks. 
It seems probable that in 
the wild state turkeys raise 
two broods of young in a 
season, as birds of all sizes 
may be seen in the masting 
season (October), when they 
. /congregate in large numbers in 
the cafions to feed on a small, 
bitter acorn found in the 
canons and parks of Southern 
Arizona and the _ districts 
farther southward. Their roost- 
ing places are frequently 
situated in sycamore trees. 
The name “turkey” appears 
to have been originally applied 
to the guinea-fowl, and prob- 
ably means the bird procured 
ao f* from the Turks or Moors. 
wef To the French the turkey is 
known as dinde (the bird of 
India). Turkeys are heavy, 


lumbering birds, specially 
characterised by their tiresome 
VULTURE-LIKE GUINEA-FOWLS “ gobbling ” cackle. The head 


a is covered with bare, warty 
the sides and flanks are also similarly marked, but skin, and furnished in the typical species with a 
washed with purple, and the breast and under parts large red wattle, genérally pendent, but partially 
are cobalt-blue, and black down the middle. The tail erectile during excitement. 
feathers resemble the upper parts in markings, but the 


middle pair is much elongated and pointed. The DOMESTICATED TURKEYS 
male is similar in colour to the female, but larger, Until the discovery of America in 1492 the turkey 
and with four or five wart-like knobs on each leg. was unknown in the Eastern Hemisphere, as it is not 


That the guinea-fowl has been domesticated for a found in a wild state except on the American continent, 
very long period is proved by the fact 
that it was known to the ancient Greeks 
and Romans. It is generally accepted 
by naturalists that the species Numida 
meleagris of West Africa is the progenitor 
of our domesticated species, and _ the 
name was given after the district in which 
it is found. 


TURKEYS 

A second small subfamily (Meleagrine) is 
represented by the well-known turkeys, all 
of which are originally natives of North 
and Central America, where two or three 
distinct species are known. The Mexican, 
or common, turkey (Meleagris gallopavo) 
inhabits the tablelands of Northern Mexico 
and the neighbouring states, and may be 
recognised by the broad white tips to the 
upper tail coverts and tail; while in M. 
americana, or tinteymedia, of the eastern 
states, which may be only a local race, the 
same parts are dark chestnut. 

The handsomest member of the group 
is, however, the eyed turkey (M. ocellata) of 
Guatemala, Yucatan, and British Honduras, 
in which each of the tail feathers 1s orna- 
mented with a greenish blue eye-spot shot 
with purple, while the metallic parts of the 
body feathers are golden or bronze green, 
and the naked head and neck blue covered 
with red warts. 

Like its allies, the common turkey 1s 
polygamous, the female only attending 
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where it, had peeh domesticated long prior to the 
‘advent ‘of the Spamish discoverers It would appear 
that when the early adventurers reached the Western 
Islands, now known as the West Indies, they found 
these birds. On returning home, they brought specimens 
back with them, which they would wish to do as proot 
that new countries had been reached. It is suggested 
that the first introduction of this bird was 1499 A.D. 
Records, however, are somewhat vague as to the actual 
date. When Cortes invaded Mexico he found the turkey 
bred in large numbers under domestication, and more 
common than any other species of poultry. As the 
continent was further explored, it was found that the 
wild birds were widely distributed. 

The progenitor of nearly all the European and 
Asiatic races of domesticated turkeys—with which it 
breeds freely—is the above mentioned Meleagris 
gallopavo or mexicana, which is a large-bodied bird 
on rather short legs. It has a large, well-expanded 
tail, on which are zones of brown and black, but the 
ends are white, as are the tail 
coverts. The body colouring 
is black, bronze, and white, 
rather darker towards the 
flanks, the various colours 
forming bars across the feathers, 
which are in many cases tipped 
with white. In appearance it 
is very massive, and with 
large wings carries a_ great 
amount of meat or muscle on 
the breast. The bronze colour- 
ing is not so prominent as in 
the species found further north. 

While it cannot be doubted 
that both this species and 
Meleagris americana are closely 
allied, such distinctions as are 
met with being the result of 
different environment, they are 
sufficiently distinct to be given 
separate classification. The 
latter species are widely dis- 
tributed in the forests and 
woods of what are now the 
United States and Canada, 
where it is yet found, though 
not to the same extent. The 
occupation of. the land due to 
rapidly increasing population 
and reclamation for cultivation 
has driven it backward. But 
there are many States in which 
it may yet be shot wild in the woods. It is avery large 
bird, and specimens of 50 pounds have been killed, 
though such weights are exceptional. The chief differences 
between it and the M. mexicana are that it is longer 
in the leg, and there is much more bronze and less 
white in the plumage, giving it a brilliant hue, which 
in the sunshine glistens very brightly. It is about 1oo 
years ago since its domestic ated descendants were first 
brought over to Britain, and by their size and vigour 
the Bronze Americans, as they are called, are among the 
most popular of all our turkeys. Americana breeds 
freely with all the races, thus confirming what has 
already been stated. 

Of the two other members of this family found 
Central America, namely, the Honduras (Meleagris 
ocellata) turkey and the crested turkey of Mexico, so 
far as is known, neither has been used in production of 
our domesticated races, though both have been kept 
and bred ina tame state. It is unnecessary to deal with 
them at greater length. 
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The peculiar head of the turkey gives it a distinctive 
character from that of all other poultry, beimg what is 
known as carunculated, that is, the head and also the 
higher portion of the neck are bare, the head blue on 
top and red below. Where the beak joins on to the 
head springs a long piece of flesh, capable of elongation, 
at the end of which are a few feathers. There is not a 
-comb as seen in the fowl, but below the beak are 
wattles. In the male there is a tuft of feathers spring- 
ing from the upper part of the breast. 

It may be explained that the name given to this 
species in Anglo-Saxon countries has nothing to do with 
the origin. It is, however, very misleading, and many 
writers, including Dr. Samuel Johnson, assumed there- 
from that it came from South-Eastern Europe. How 
such a designation camte to be applied was probably 
that the earliest specimens seen in England were 
brought by ships trading with the Orient, but, calling 
at a Spanish port on the way home, these novel birds: 
were purchased. Whether inadvertently or from 
design the name was givem 
cannot be» discovered. In Spaim 
and nearly all other countries 
the “designation means Indian 
fowl, due: to the idea that Colum- 
bus had rounded the globe, as he 
called the lands discovered by 
him the West Indies. 

Change of environment and 
of conditions have brought 
about considerable variation, 
and from the two ancestral 
types named above we have a 
fair number of races, which are 
recorded below. It is necessary 
to mention that the turkey 
resembles the fowl, not merely 
as to structure of body, but also 
as to habits. Iltis not a migra- 
tory bird in the same sense as 
the duck and the goose. One 
main difference is that when 
desiring to lay it seeks a secluded 
place, and does not like to sit in 
an ordinary house, though it 
will do so if compelled. Probably 
when it has been domesticated. 
as many centuries as the fowl 
this may be changed, for it will 
have learnt that there is not the 
at ~ same danger of discovery by 
enemies as under the wild 
conditions. 

That there has been some increase in egg productiom 
is evident, though small as compared with fowls and 
ducks, for turkey s would not be profitable as egg-layers.. 
Such increase is due to the custom of taking away the 
eggs as they are laid. The chief change is reduction in 
size of body, thus differing from other species of domestic 
poultry. The reasons for such appear to be varied. As 
a rule wild turkeys are found where natural food is 
abundant, congregating in flocks. Thus they had 
not much to gain in that respect. Second, for ordinary 
purposes they are too big for a single household, and 
must either be bred smaller or sold in parts. As the 
demand increases the need would be more for smaller 
specimens. Further, this bird does not attain its 
maturity until it is three years old, but breeding from 
yearlings has been a common practice, which has tended 
to reduce the size of body, but also, unfortunately, to 
lower the vitality. Thus the belief is justified to some 
extent that the turkey is a delicate bird, especially 
when young. 
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The best-known races of turkeys at the present time 
re given in the following table : 


Breed Colour of Plumage Country 
Black Norfolk | Black, with white or brown tips | England 
Black .. ..| Glossy black ee Ate. France 
Grey Mixed black and white Various 

Vhite | Pure white .. Various 

Blue Bo es) [lare-D1ue Jot earner France 

Cambridge Dull bronze with grey tips England 
bronze 

Mammoth Brilliant bronze America 
bronze | 

Narragansett | Black, with grey markings America 

Fawn a Buft es tl 4 Europe 

Ronquieres .. | Black, grey, and.tawny Belgium 


In respect to size, the mammoth bronze are the 
largest, and they have also proved very hardy. That 
bird carries a large amount of flesh. The Cambridge 
bronze stands next, but it is softer and finer in the 
flesh, and is thought to be the best of all turkeys for 
meat qualities. The black 
and the black Norfolk 
are excellent birds of a 
medium size, but few of 
the last named are to be 
met within thiscountry. 
Jt is the black which pro- 
duces the finest French 
turkeys. Of the others 
the Narragansett and 
Ronquieres stand high 
in meat _ properties, 
whilst the whites, though 
beautiful in appearance 
and largely kept in 
Seuthern Europe, have 
not proved of equal 
value in Britain, prob- 
ably because it has 
been bred for ex hibition 

The turkey is essen- 
tially a farmer’s fowl 
in that it requires | 
abundance of space, 
and does not thrive 
in confinement. 
Hence there are 
limitations to its ex- 
tension, though in 
countries have these 
been reached. An ex- 
ception, however, is met 
with in America, where 
in some of the New 
England States turkey-breeding forms an important 
and, for some years, a lucrative branch of live stock. 
The numbers reared have been in advance of the space 
available, with the result that a disease known as black- 
head, due to attacks of a parasite on the liver, has 
devastated large areas, probably a result of tainted soil. 

Upon the farms of East Anglia and Normandy, 
where the finest European turkeys are raised, it is found 
that one bird per acre is sufficient, and that the use of 
fresh ground in rearing every year is essential to prevent 
disease and consequent loss. Moreover, the soil must be 
kindly. Heavy clay or damp places are fatal to the 
young birds. The position should give the maximum 
of sunshine, and afford shelter against wind and rain. 

In some cases turkeys are allowed to breed wild in 
the woods, and under*such conditions they thrive, but 
the number produced in this way is too small to be com- 
mercially successful, though useful in yielding strong, 
hardy breeding stock. Under favourable conditions 
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and with proper management there is no more profit- 
able branch of poultry-keeping than the rearing of 
turkeys for market, as these birds realise high prices 
at Christmas, leaving a good margin between cost and 
returns. Such result can only be attained when the 
points laid down are observed. 

Where woods are available with trees large enough so 
that the birds can sleep on the lower branches, houses 
are not required, save ina severe winter. But in many 
districts such an arrangement would not afford pro- 
tection against foxes and other enemies. Under such 
circumstances the house allotted to the breeding 
turkeys should be large and lofty, affording abundance 
of ventilation and plenty of head room. A safe 
calculation is that for a building at least 7 feet high 
to the eaves 15 square feet of floor space should be 
given for each inmate. A thatched roof is best, and 


if the back and ends are of furze that is desirable 
though wood can be employed when the former is not 
obtainable. 


The front may be left entirely open if 
— there is no danger of 
marauders. Otherwise it 
should be barred, the 
rods six inches apart, as 
thus will be secured the 
circulation of fresh air 
which is essential. 
Perches are best made 
out of fir poles, raised 


three feet above the 
ground and three feet 
apart. Six to eight 


breeding hens with one 
male must be kept for 
every hundred young- 
sters required, but results 
vary according to the 
seasons. 
i When the time ap- 
BAI g proaches that the hens 
cH). # begin to lay, say in 
February, arrangements 
should be made for nests, 
otherwise they will seek 
their own. If possible, 
these should be in the 
open. In some _ cases 
‘dug-outs’’ are made 
on sloping ground, 
behind aclump of bushes, 
so that the entrance 
cannot easily be seen. 
Barrels or boxes can be 
: -placed in snug retreats 
hidden out of sight, or hurdles* covered with furze to 
make a quiet corner, It will generally be found that 
the hens will utilise such opportunities, and when they 
beginto lay the nests should be visited daily and the 
eggs removed, leaving adummy therein. By so dcing it 
is generally found that a greater number of eggs is 
secured. When it is found that the hens remain on the 
nest, fifteen eggs may be given to her, and any beyond 
that number be sat upon by ordinary hens in the usual 
way. A turkey can brood twenty-five to thirty chicks, 
but gives better results if she has not more than fifteen 
or seventeen eggs to sit upon. The period of hatching 
1s twenty-eight days. One very interesting fact is that 
the turkey cock can be induced to undertake maternal 
duties, and makes a most faithful sitter and mother. 
That young turkeys need special care in rearing is 
unquestionable, at least until they are nine or ten 
weeks old, when there takes place what is known as 
“shooting the red,” a sign of sexual deyelopment, 
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when the head becomes red. Afterwards they are as 
hardy as ordinary fowls. In the initial state the 
requirements are—shelter from rain and strong winds, 
as much sunshine as possible, absolutely fresh ground, 
abundance of green stuff, and opportunity to find 
natural food, for which reason arable land is preferable to 
pasture. The food must be gam nes : 

nutritious. Many of the most | 
successful rearers use oatmeal or 
ground oats very freely, varying 
with biscuit meal and cooked 
rice. Perhaps the most important 
part of the diet is that, unless 
there is an abundance of grub 
and insect life available, meat 
in one form or another must be 
suppled. During the summer 
two feeds a day of any of the 
ordinary meals or grains should 
be given. If the weather is dry 
and hot they should be permitted 
in woods asmuch as possible, by 
reason of the fact that there 
natural food is more abundant. 
If it is cold and damp feeding 
will need to be more bountiful. 
For the Christmas trade, when 
the nine-months’ old bird should 
weigh 15 to 25 pounds, they 
require a month’s fattening, for 
which soured skim or butter- 
milk, mixed with oat or wheat 
meal are essential to give white- 
ness and softness to the flesh. 

Epwarp Brown, F.L.S. 


AMERICAN PARTRIDGES 
AND QUAILS 

Although the game-birds of 
North America other than 
grouse and turkeys are called by Old World names, 
they are broadly distinguished from their nearest 
European and Asiatic relatives by the tooth-like 
processes on the edges of the lower half of the beak. 
On this account these birds 
are referred to a separate 
subfamily, the Odontophor- 
ine, represented by eleven 
genera, containing nearly 
fifty species. The largest 
species is about the size of 
an ordinary partridge, while 
the smallest is inferior fin 
sizer to ‘a -~quail. In the 
majority of the members of 
the group the beak is stout 
and grouse-like, and the head 
of most of the species carries 
a longer or shorter crest. 

The first genus, Dendyortyx, 


includes three so-called 
partridges inhabiting Central 
America, from Southern 


Mexico to Costa Rica. They 
are rather handsome birds, 
especially D. macrurus, with 
the tail as long as the 
wings or nearly so. A second genus, Callipepla, is 
represented by the scaled partridges, easily recognised 
by their short crests and grey and _black-margined 
plumage, which produces an appearance like scales. 
They are met with in the south-western United States 
and Mexico. Specially attractive is the mountain 
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partridge (Oveortyx pictus) of the western states of 
North America, in which the crest is composed of 
two very long black feathers ; the head, neck, mantle, 
and breast being grey, the rest of the upper parts 
olive brown, the throat and fore part of the neck deep 
chestnut margined with white, and the sides and flanks 
: — - similarly coloured, but irregularly 
~ 4 barred with black and white. 

One of the handsomest and 
most familiar members of the 
group is the Californian quail 
(Lophortyx californicus), a bird 
often imported into Europe, 
and at once distinguished by its 
conspicuous crest of black club- 
shaped feathers. In the cock 
the forehead is buff, with the rest 
of the head and the throat black 
edged with a white band; the 
plumage of the neck, mantle, 
and chest grey, each feather 
being margined with black and 
spotted with white; while the 
rest of the upper parts are 
greyish clive brown, and the 
under parts buff, barred with 
black and shading into chestnut. 

The female has the crest 
shorter and browner, and the 
feathers of the head and neck 
mostly dirty white, with dark 
middles. This bird, which in- 
habits .the extreme western 
states, from Washington to 
California, ranging inland to 
Nevada, has been introduced 
into various parts of the world. 

A somewhat peculiar type is 
formed by the South Mexican 
barred quail (Philorivx fasciatus), 
in which the plumage of the greater portion of 
both upper and under parts is barred. Central and 
northern South America are the home of the seven 
species of crested quails (Eupsychortyx), which differ 
from all the foregoing in 
the. extreme shortness of 
the tail, as well as by their 
smaller size. 

Closely allied, but lacking 
the crest, is the genus Ovtyx, 
including such well-known 
birds as the Virginian quail 
(O. virginianus), or “ bob- 
white,’ as it is called in the 
States, and several other 
species, in all of which the 
greater portion of the under 
parts is uniform chestnut or 
brick-red ; these birds being 
natives of south - western 
states and Mexico. The 


“bob-white”’ is now specially 
protected in the United 
States on account of its 
value as an insect and grub 
destroyer. 

Three striking aad pecu- 
liarly marked species of quail constitute the genus 
Cyrtonyx, and inhabit the south-western United States, 
Mexico, and Central America. The cocks of all three 
kinds are characterised by the full development of 
the crest, black-and-white patterned head, and the 
eyed under parts. 
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‘HE second section of the game-birds is represented by 
two familes, Megapodiide and Cracide, in which the 

first toe is placed on the same level as the others. The 
members of the first of these two groups are chiefly 
remarkable on account of their nesting habits, their 
eggs being deposited in sand or in a mound raised by one 


AUSTRALIAN BRUSH-TURKEY ROOSTING 


or more pairs of birds, and incubated by the heat 
caused by.the fermentation of the decaying vegetable 
matter and the warmth of the sun. The young are 
hatched fully feathered and able to fly almost from birth. 
The legs and feet of all these birds are remarkably strong 
and stout, and thus well suited for 
scratching up the earth and preparing 
the nesting mounds. 


TYPICAL MEGAPODES 

The typical megapodes, as as 
members of the first genus are oft« 
called for lack of a proper Engli ic 
name, are represented by some fiiteen 
different species distributed over the 
islands of the Pacific and Australia ; one 
kind, Megapodius cumingi, inhabiting 
the Philippines, another, M. lapevovsi 
being found in the Ladrone and Pelew 
Islands, while an isolated western 
species, occurs in the Nicobars. ‘The 
plumage is remarkably sombre in colour, 
generally olive brown or rufous above 
and grey beneath. The Nicobar mega- 
pode (M. nicobariensis) during the day 
frequents dense yangts near the coast 
where it associates in pairs or in flocks 
of thirty or more. It is a difficult 
bird to flush, usually preferring to 
escape by running. 

The nesting mounds are generally 
placed near the shore, and average 
about 5 feet in height and 30 inches 
circumference. Mr. Davison described 
one ‘‘which must have been at 
least 8 feet high and quite 60 feet in circum- 
ference. It was apparently a very old one, for 
from near its centre grew a tree about 6 inches in 
diameter, whose roots penetrated the mound in all 
directions to within a foot of its summit, some of them 
being nearly as thick as a man’s wrist. I had this 


mound dug away almost to the level of the surrounding 
land, but only got three eggs from it, one quite fresh and 
two in which the chicks were somewhat developed. 
Off this mound I shot a me gapode which had evidently 
only just laid an egg. I dissected it, and froma careful 
examination it would seem that the eggs are laid 
at long intervals apart, for the largest egg in the oyary 
was only about the size of a large pea, and the next in 
size about as big as a small pea. 

‘These mounds are also used by reptiles, for 
out of one I dug, besides the megapode’s eggs, about 
a dozen eggs of some large lizard. I made inquiries 
among the natives about these birds, and from them 
I learnt that they usually get four or five eggs from 
a mound, but sometimes they get as many as ten; 
they all assert that only one pair of birds are con- 
cerned in the making of a mound, and that they only 
work at night. When newly made, the mounds (so I 
was informed) are small, but are gradually enlarged by 
the birds.” . 

WALLACE’S MEGAPODE 

An exceptionally marked species, Wallace’s mega 
pode (Eulipoa wallacei), from Gilolo and some of the 
islands of the west of New Guinea, is characterised by 
having the secondary flight feathers much shorter than 
the primaries, and the feathers of the middle of the 
back and most of the wing coverts barred with bright 
chestnut. 

MALI-FOWL 

Still larger is the mali-fowl (Lipoa ocellata) ot 
Southern and Western Australia, distinguished by 
having the upper tail coverts reaching to the end of the 
tail, and the plumage of the upper parts mostly grey 
barred with black. 


AUSTRALIAN BRUSH-TURKEY = 


According to Mr. A. H. E. Mattingley, the mali-fowli 
does not bein to lay until two years old, and during: 
the first halt of the breeding season the eggs are laid 
regularly, every third or fourth day, after which the 
intervals between the deposition of the eggs increase 
according to the disposition of the individual birds and 
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the amount of food available. Hot and dry seasons 
have a noticeable effect on these birds, which under such 
‘conditions lay fewer eggs than usual. Laying usually 
‘begins early in September, but may be déferred until 
‘December is well advanced, and the total number of 
eggs laid by the individual hens in a season varies 
‘from one to a score. 

_ The eggs have unpolished shells of a delicate salmon- 
{pink ©r pinkish red colour when 
ifirstkaid, but soon fade to earthy 
ibrown. They are laid in the 
mound in tiers, with four in 
ithe basement layer; between 
‘each tier is a layer of sand 3 or 
‘4 inches thick, and the eges 
in the same time are separated 
from one another by from 6 to 
12 inches of the same material, 
‘and placed near the solid wall 
‘of decaying vegetable matter 
‘bounding the egg chamber. 
‘The eggs are always placed 
with the narrow end down- 
wards, so that when hatching 
the head of the chick, which 
occupies the larger end, will 
be uppermost. 

Another naturalist, Mr. A. W. 
Milligan, states that in hot 
weather the birds remove the 
top of the breeding heap so as 
to form a saucer-like depression, 
which is again filled up when 
the weather becomes rainy. 


BRUSH-TURKEYS 


The Papuan brush-turkeys, as 
typified by Talegallus cuvierz, include three or four species 
of large, dark-coloured birds, with stout beaks, oval nos- 
trils, and the head, throat, and front of the neck thinly 
covered with small scattered feathers ; the genus being 
confined to New Guinea and some of the adjacent islands. 

The Australian brush-turkey (Catheturus lathamt) 
represents a second genus distinguished by the presence 
of a large wattle at the base of the neck, the circular 
nostrils, and the much longer tail. In both sexes 
the general colour of the upper parts is dark brownish 
black, paler on the lower part of the back and rump, 
the upper parts being dark brewnish grey, broadly 
edged with white, the naked skin of the head and 
neck pinky red, and the wattle bright yellow. Mr. J. 
Gould observes that at the beginning of spring these 
birds scratch together an immense heap of decaying 
wegetable matter as a depository for the eggs, and 
trust to the heat engendered by the process of fer- 
mentation for the development of the young. 

“The heap employed for this purpose is collected 
by the birds during several weeks previous to the 
period of laying; it varies in size from two to many 
cart-loads, and in most instances is of a pyramidal 
form. The materials composing these mounds are 
accumulated by the bird grasping a quantity in its 
foot and throwing it backwards to a common centre, 
the surface of the ground for a considerable distance 
being so completely scratched over that scarcely a 
leaf or a blade of grass is left. The eggs are deposited 

in a circle at the distance of 9 or 12 inches from eacly 
other, and buried more than am arm’s depth with the 
large end upwards.” " ; 

Another genus (42pypodiws), with two species from 
New Guinea and Waigiou, is characterised by a fleshy 
crest running from the base of the beak to tlfe crown, 
a pendulous wattle at the base of the fore neck, and 
the chestnut upper tail coverts. 


THE MALEO 

The last genus of the family contains only the 
maleo (Megacephalum mated), of Northern Celebes 
and the Sanghir Islands, which is the most remarkable 
member of the whole group, both as regards structure 
and habits. In both sexes the head is naked, and 
the crown surmounted by a large black casque, while 
the colour of the plumage of the upper parts, chest, 
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flanks, thighs, and under tail coverts is dark brown, 
and that of the under parts beautiful salmon pink. 

These birds do not raise mounds in which to lay 
their eggs, but deposit the latter in holes dug in the 
sand. Dr. A. R. Wallace describes one of their laying 
grounds as follows: “‘ The place is situated in the 
large bay between the islands of Limbé and Banca, 
and consists of a steep beach more than a mile in 
length of deep, loose, and coarse black volcanic sand, 
or rather gravel—very fatiguing to walk over. It is 
in this loose, hot, black sand that those singular birds, 
the “maleos,’ deposit their eggs. In the months of 
August and September, when there is little or no rain, 
they come down in pairs from the interior to this, 
or to one or two other favourite spots, and scratch 
holes three or four feet deep, just above high-water 
mark, where the female deposits a single large egg, 
which she covers over with about a foot of sand, 
and then returns to the forest. At the end of ten or 
twelve days she comes again to the same spot to lay 
another egg, and each female bird is supposed to lay 
six or eight eggs during the season. The male assists 
the female in making the hole, coming down and 
returning with her. 

“The appearance of the bird, when walking on the 
beach, is very handsome. They run quickly, but 
when shot at or suddenly disturbed, take wing with 
a heavy, noisy flight to some neighbouring tree, where 
they settle on a low branch, and they probably rest 
at night in a similar situation. Many birds lay in 
the same hole, for a dozen eggs are often found 
together, and these are so large that it is not possible 
for the body of the bird to contain more than one 
fully-developed egg at the same time. In all the. 
female birds which I shot, none of the eggs besidés» 
the lange one exceeded the size of peas,, and, there, 
were only eight or nine of these.” 
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and under tail coverts, which are white; but in two 
species the tail feathers have also white tips. The 
colour of the plumage of the females, on the other 


HE second family of game-birds (Cracid@), character- 
ised by the first toe being on the same level as the 
others, contains a number of large Central and South 
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of which, such as the 
as large as turkeys, 


American 


CuTrassows, 


€ 
while others, lke certai 
Ortalis, are considerably 


n guans of the genus 
y smaller than pheas- 
ants. All the species have a long and well- 
developed tail, and in the males the windpipe 
is long and convoluted, enabling the birds to 
produce their characteristic loud and harsh 
cries. 

They differ from the megapodes, not only 
in the structure of the skeleton, but also in 
having a tuft of feathers on the oil-gland 
Their nesting habits are also quite differen 


the eggs being incubated by the parent in the 
ordinary manner, though some of the species 
habitually nest in trees, and lay white eggs. 
When first hatched, the young are covered 
with a down showing a pattern hke that of 
the chicks of other game-birds. These birds 
are arboreal in their habits, the greater part 
of their time being spent among the highest 


forest tree 

The various genera may be conveniently 
grouped into two sections, the first four having 
the upper half of the beak higher than broad, 
while in the remaining seven it is broader than 
high. The typical curassows differ from their 
relatives in their large size, and also by having 
the feathers on the top of the head semi-erect 
and curled at the extremities ; in the males 
the crest being uniformly black, while in the 
females it is more or less barred with white. 

The cocks are all very much alike, the whole 
plumage being black glossed with purple or 
dark green, except on the under parts, flanks, 
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hand, varies much in the different species, in 
the crested curassows closely resembling that 
of the male, while in the remainder the upper 
parts are variously barred with black, white, 
rufous, and buff. The distinctive specifi 
characters are accordingly, in most cases, 
much more strongly marked in females than 
in males 


CRESTED CURASSOWS 


[In the Guiana crested curassow (Cra alector) 


ihe colour of the plumage of both sexes is 
very similar, but the female has the crest 
yarred with white. This bird, 


native of the forests of British 
Northern Brazil, but extending in 
s distinguished by t 
upper parts, and the absence 
knob at the base of 

veak, and of a wattle 
1alf of the same in 
vase of the beak are yell 
remity of the latter horny blue 
egs and feet are horn-coloure: 
tamed, and affording excellent 
rds are often domesticated. Nearly alhed 
is the Mexican crested curassow (C. globiera 
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1 also smaller is ruf 


Very distinct a1 
coloured urumutu (Ni 
British Guiana and the Upper Amazon, di 


c 


tinguished by its crest of recumben 
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and the naked space in front of the eye. Next come 


the three species of mituas, birds as large as curassows, 


with the greater part of the plumage black in both 
sexes. In two of the species the under parts and under 
tail coverts are chestnut; one of these (Mitua mitu) has 
the tail feathers tipped with white, while in the second 
(M. tomentosa) the: tips are chestnut. In the third 
species (IM. salvint) both the under parts and the tips 
of the tail feathers are white. All three may be dis- 
tinguished from curassows by the elevated and vaulted 
upper half of the beak and the absence of curling in 
the crest feathers. 


PAUXI CURASSOW 

The curious pauxi curassow (Pauxis pauri) of the 
north-western parts of South America, the only repre- 
sentative of its genus, is remarkable for the large, 
fig-shaped blue casque on the forehead. The male 
has the entire plumage black, except the under parts, 
lower tail coverts, and the tips of the tail feathers, 
which are white; in the female the back, wings, and 
breast being chestnut, paler on the flanks, and barred 
and mottled with black. 


LORD DERBY’S GUAN 

To the second group, characterised 
by the width of the beak at the base 
being greater than the height, belongs 
Lord Derby’s guan (Oveophasis derbi- 
anus), from the wooded slopes of the 
Volcan de Fuego in Guatemala. The 
characteristic features of this bird 
are the elevated, straight, deep scarlet 
horn on the top of the head between 
the eyes, and the densely feathered 
base of the upper half of the beak. In 
both sexes the general colour of the 
head and upper parts is black glossed 
with dark green, the base of the 
throat being almost naked, the front 
of the neck and breast white shading 
into buff on the sides, with dark shaft- 
stripes to the feathers, the remainder 
of the under parts brownish black, and 
a wide band running across the middle 
of the tail. 


GUANS 
A more numerous group is that of 
ihe guans, typified by the Brazilian — 


Pe 


ig 


PURPLE GUAN 


LORD DERBY S GUAN 


Penelope superciliaris, but including 
fourteen other species from Central 
and South America. In all these birds 
the chin and throat are generally 
naked and furnished with a wattle, 
and there is a large naked: space 
' surrounding the eye. The allied 
| Penelopina nigra represents a genus 
_ by itself, characterised by the differ- 
ence in the colour of the plumage in 
the two sexes. In the cock of. this 
species, which inhabits the highlands 
of Guatemala, the plumage is entirely 
black, glossed with green, but in the 
female is rufous above barred with 
black, and beneath sandy mottled 
_ with dark brown. In habits all these 
| birds appear to be very similar ; 
, during the breeding season they are 
only found in pairs, while at other 
times they congregate in large flocks, 
always frequenting the forest, and 
passing the greater part of their time 
in the largest trees, when not engaged 
in searching for fallen fruits and insects. 

In the allied genus Ovtalzs, including 
seventeen Central and South American 
species, the throat is naked as in the two last, but there 
is a thin band of stiff-shafted feathers down the middle. 
The only member of the family which enters North 
America is the chachalaca (O. vetula), which has a 
wide range, extending from Southern Texas through 
Eastern Mexico and Central America to Colombia; the 
bird varying somewhat in the different parts of this 
extensive range. 


RED-TAILED GUAN 


THE ABURRIA 


The aburria (Aburria aburrt), the solitary representa- 
tive of its kind, is a native of Colombia and Ecuador, 
and may be recognised by its black plumage glossed 
with dark green, and the worm-like wattle situated 
on the naked part of the fore neck. Finally, two 
species, characterised by the chin, throat, and fore part 
of the neck being coverea with feathers, form the genus 
Chamepetes ; Colonibia, Ecuador, and Peru being 
the home of C. goudoti, and Costa Rica and Panama of 
C. unicolor. 
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THE HOATZIN 


HE very remarkable pheasant-like bird from the 
northern and western districts of South America 
known as the hoatzin (Opisthocomus Jtoatzin), appears 
on the whole to be most nearly allied to the game-birds, 
and may, therefore, be mentioned in this place. Many 
naturalists regard it, indeed, as representing a distinct 
order, but as there is little advantage in unnecessarily 
multiplying ordinal 
terms. 1t is alluded 
co here merely as 
forming a family, 
Opisthocomide. 
The skeleton of 
this bird, which has 
many striking 
peculiarities, 
notably the form of 


the breast - bone, 
with its nearly 
parallel lateral 
edges and_ feebly 


developed keel, of 
which the anterior 
part is cut away, 
and the posterior 
portion broad and 
flattened out. On 
this flattened sur- 
face the greater part 
of the weight of the 
body is supported 
when the bird is 
at rest. Another 
striking feature is the shoulder-girdle, the bones of 
which are completely welded to one another as well 
as to the breast-bone. The crop is enormous, and 
occupies the upper portion of the chest, being placed in 
a deep cavity in the pectoral muscles. 

The nest, which is built of sticks and placed in 
bushes near the water’s edge, contains two or three, 
and sometimes as many as five, oval-shaped eggs of a 


THE HOATZIN 


white colour, doubly spotted with rufous and purple, 
and remarkably rail-like in character. Unusual in- 
terest attaches to the young, which are hatched naked, 
with the thumb and index finger provided with well- 
developed claws, enabling them to climb about among 
the branches soon after they are hatched ; the beak, 
as well as the-legs and wings, being used for holding 
on to the twigs 
17 (page 939). When 
e compelled to-do so 
by falling from the 
boughs, they swim 
and dive with 
facility. Hoatzins 
spend their exist- 
ence among the 
branches, consum- 
ing enormous 
quantities of leaves, 
and, in spite of 
their large wings, 
possess only the 
most limited 
powers of flight. 
They exhale astrong 
musky odour. 

The beak is 
strong, with the 
edges of the basal 
portion of its upper 
half distinctly 
serrated ; bristles 
border the _ gape, 
and—a rare feature among birds—the eye-lids are 
furnished with lashes. In the sharp and rounded 
wings are ten primary and nine secondary quills, 
and there are ten feathers to the rather long and 
nearly even tail. The plumage is olive above with 
white markings and dull rufous below; the long and 
loose crest and the tips of the tail feathers are yellowish, 
and a naked bluish area surrounds each eye. 


BUSTARD-QUAILS 


A HouGH the small birds commonly known as bustard- 
quails (family Yurnictde) are usually included 
among the game-birds, and have been associated 
with the quails, they are in reality so markedly distinct 
from the more typical members of that order that by 
many naturalists they are regarded as forming an order 
equal in importance to the Galline. While in some 
respects they approach both pigeons and game-birds, 
their affinities with the rails are undoubted, and it is 
perhaps the wisest course to leave their precise syste- 
matic position an open question. Like sand-grouse and 
rails, they lay double-spotted eggs, quite different from 
those of any of the typical game-birds ; but the young 
are covered with down, and able to run soon after they 
are hatched. A distinctive feature of the group is that 
the females are always larger and more brightly coloured 
than the males, and that the latter undertake all the 
cares of incubating the eggs and tending the young. 

In the typical genus Turnix, which contains all the 
species but one, the first toe is entirely absent, but in 
the Australian collared bustard-quail (Pedionomus 
torquatus) a small first toe is present. The twenty-one 
members of the typical genus are distributed over 
Africa, Madagascar, Arabia, and through the Indo- 
Malay countries to Australia ; while one species, the 
Andalusian hemipode (7. sylvatica), inhabits South 
Europe. No less than four of these species are found 
in India, and the Indian bustard-quail (T. tatgur) 


may be taken as a typical representative of the group. 
This bird, besides being found all over India, has a 
wide range through Burma, the Malay Peninsula, Siam, 
and South China to Formosa and the Liu-kiu Islands. 
As might be expected, the plumage of so widely-spread 
a species shows considerable climatic variation, 
examples from the dry plains of India having the 
prevailing colour of the upper parts rufous ; whereas 
in specimens from the Malay Peninsula, with its heavy 
rainfall, the general tone is greyish brown. In both 
sexes the upper parts are barred and marked with 
black, many of the feathers being margined on the 
sides with whitish buff; but the chest and breast are 
buff barred with black, and the under parts rusty buff. 
The female has the middle of the throat and chest 
deep black, whereas in the male these parts are white 
with narrow black bars. 

Mr. A. O. Hume writes that “ scrub-jungle, inter- 
mixed with patches of moderately high grass on dry 
ground, is perhaps its natural home; but it may be 
met with anywhere in low bush-jungle and on the skirts 
of forests, and in inhabited districts greatly affects 
gardens, grass-preserves, and similar enclosures. It 
strays into stubbles and low crops in the mornings 
and evenings, even remaining in these at times through- 
out the day, but more generally retreating during the 
hotter noontide hours to the cover of some thorny bush 
or patch of grass upon the margins.” 
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ORDER XXV. 


CRYPT URI 


TINAMUS 


Sours AMERICA is the exclusive home of a group of birds 

which, while resembling the game-birds to a great 
extent in outward appearance and habits, present a 
peculiarity in the structure of the bony palate of the 
skull by which they are distinguished from all the 
groups hitherto described, and thus resemble the 
ostrich tribe. These birds are the tinamus, order 
Crypturi, all of which are included in the single family 
Tinamide, and are represented by thirty-nine species 
arranged under nine genera. The members that are 
mentioned in this work are as follows: 


FAMILY 
Tinamus—Tinamida 
GENUS 1 
Tinamus 
SPECIES 
POOP AIS DIUM AIIM ctonetn rate! a ore is aisle ararctei siete olde i oreieletaie wend Tinamus robustus 
SOL GAT YULINEATINU 9 rotcreyera sp sie vs cla inopteemereiae ws oroie en kisre.l osbererer ee T. solitarius 
GENUS 2 
Crypturus 
: SPECIES 
PSRNCCCMUMNATAU ays soccrsene o eckles hoon eis eave cree Ol rela ee Crypturus noctivagus 
GENUS 3 
Rhynchotus 
SPECIES 
MBER GAUL ATV cc ahora) ei spate, sicteiomione aie eidue Meares see Rhynchotus rufescens 


Se SO ALEUR DGS 5 ito rea OO ODHOO AGOdeOnOOOOOnE Nothura maculata 
ERT: OvANNCES MET CUTIN TM bar N ot epe fetes eet ic cds cit ee isis ateies ie cvsle trate a.eve% N. darwini 
GENUS 5 
Calodromus 

: SPECIES 
Weresbe dM ttimamny nace se 5% 55 sine tree eters 6 auarecale Si aecs Calodromus elegans 
GENUS 6 
Tinamotis 
SPECIES 


WentaAwdcs GMAW) $os..c tac ws sca el ceetetevahre ee ear orets eae Tinamotis pentlandi 


That the tinamus are allied on the one hand to the 
game-birds, and on the other to the ostrich-like birds, 
is practically certain; and it is probable that the 
type of palatal structure they display is very close 
to the primitive one from which all the others have 


originated. In this connection it should be noticed 
that the slit (schizognathous) palate of the game-birds 
is the one which comes nearest to that of the tinamu 
and ostrich type. : 

Partridge or quail-like in general appearance, 
tinamus have small heads, with short, slender, curved 
beaks ; strong, naked legs and feet, in which the first 
toe is either small or represented ouly by its claw; 
rudimentary tails, which are frequently concealed by 
the coverts; and the wings relatively short and rounded. 
They are specially characterised by the circumstance 
that, while the narrow breast-bone has a well-developed 
keel, like that of the game-birds, in the palate of the 
skull, which comes very close to the schizognathous 
type, the vomer, or median element, is fused with the 
bones immediately in front and behind it, namely, 
with the maxillo-palatines in front and with the 
palatines and pterygoids behind, in which respect the 
birds come very close to the ostrich tribe. A further 
resemblance to that group is afforded by the circum- 
stance that the last few vertebre of the tail do not 
coalesce to form a ploughshare-shaped bone. 

In the skull the apertures of the nostrils resemble 
those of game-birds in their oval (holorhinal) shape ; 
while on its under surface the rostrum, or rod, on the 
base of the skuli, bears well-developed basipterygoid 
processes. In the plumage the feathered tracts, both 
on the neck and clsewhere, are well distinguished from 
the bare intervening areas, the after-shafts of the 
feathers are rudimentary, there are ten primary quills 
in the wings, and the oil-gland is tufted. The young 
are active almost immediately after hatching, and 
remarkable for the rapidity with which they acquire 
their full plumage, being in fact, able to fly more 
rapidly than the adults, The general colour of the 
plumage is deep yellowish, marked above with bars of 
dark brown and black. The eggs of all the species 


are remarkable for their highly polished surface, which 


1449 


HARMSWORTH NATURAL HISTORY 


tesembles a piece of glazed porcelain, the colour being 
either wine-red or bluish green. 

As regards food, tinamus are vegetable-feeders. 
Since all the members of the family are very similar 
in general structure, it will be unnecessary to point 
out the distinctive characters of the various genera ; 
although it may be mentioned’that the family may 


ie ; 


Lae See His oS ERS 
PENTLAND’S TINAMU 
be divided into two sections, according to the presence 
or absence of a distinct first toe. 

Of the seven genera with a well-developed first toe, 
the robust tinamu (Tinamus robustus) and the solitary 
tinamu (7. solitarius), of Brazil, are representatives 
of the typical genus. The banded tinamu (Crypturus 
noctivagus), Of Brazil, is a well-known member of the 
largest genus of the family, which contains some six- 
teen species; while the martineta, or great tinamu 
(Rhynchotus rufescens), of Brazil and Argentina, is one 
of two congeneric species which may be compared 
in size toa pheasant. Its eggs are of a wine-red 
colour. 

On the other hand, the spotted tinamu (Nothwra 
maculata) and the allied Darwin’s tinamu (N. 
darwint), both of which are inhabitants of the 
Argentine pampas, are more nearly the dimensions 
of a small partridge; their eggs being either 
purple red or liver-colour. The two genera in 
which the first toe is rudimentary are each repre- 
sented by a single species, of which by far the 
handsomest is the crested tinamu (Calodvomus 
elegans), of Patagonia, in which the plumage o! 
both the upper and lower surface is elegantly 
mottled, and the head adorned with an upright 
crest. This species, which is of the size of an 
English pheasant, lays from ten to a dozen blue- 
green eggs as large as those of a fowl. Pentland’s 
tinamu (Tinamotis pentlandi), the representative 
of the second three-toed genus, lacks the upright 
crest. 

By ordinary observers tinamus, both as regards 
general appearance and habits, are considered as 
game-birds, of which, indeed, they take the 
place in South America, where they are commonly 
termed partridges. Endowed with far less powers 
of flight than ordinary game-birds, the various 
species of tinamu frequent either the open grassy 


pampas or seek the shelter of woods. The species 
inhabiting the Argentine pampas are in the habit 


of skulking like rails among the luxuriant grass, 
among which they run from under the very feet of the 
horses. They can be flushed only with difficulty, 
although when they do rise their flight is exceeding 
noisy and violent, and soon leads to the birds exhausting 
themselves. 

Writing of the spotted tinamu in Misiones, 
Mr. E. W. White states that these birds partake 
of the colour of the soil, which “is of a fer- 
ruginous clay, and differ herein completely 
from those of Buenos Aires. They are so 
completely tame and abundant on the fine 
undulating grass-lands that extend hence south- 
wards, that in the early morning they come 
right up to the houses, and the boys knock them 
over with stones.” 

On account of their confiding disposition, 
coupled with their general stupidity, and the 
excellence of their flesh, these birds have been 
well-nigh exterminated in many districts where 
they were formerl¥= abundant; large numbers 
being taken by riding in a circle and capturing 
them with a noose. 

Generally solitary, many live in close proximity, 
making their whereabouts known to one another 
by their soft plaintive cries. Of all the birds 
of the’ pampas, the great tinamu, according to 
Mr. W. H. Hudson, “is perhaps the sweetest- 
voiced, and sings with great frequency. Its song, 
or call, is heard oftenest towards the evening, and 
composed of five modulated notes, flute-like in 
character, very expressive, and is uttered by 
many individuals answering each other as they 
sit far apart concealed in the grass.” 

The ~ crested species; which is also a_ regular 
singer, seems to associate in coveys, and, like game-birds, 
is in the habit of dusting its plumage in the sandy soil. 
The young, whose precocity in regard to the development 
of feathers has been already mentioned, leave their parents 
at a very early age to shift for themselves. The nests are 
built in a hollow on the ground, beneath the shelter of a 
tussock of grass or low bush, and scantily lined with 
herbage and teathers. RK. LYDEKKER 


SOLITARY TINAMU 
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GENERAL CHARACTERISTICS 


ITH the exception of certain specially modified 
species like some of the rails, in which the power 
of flight has been lost, the existing birds hitherto treated 
are characterised by the circumstance that the breast- 
bone is provided with a strong vertical median keel, to 
afford support for the muscles necessary for flight, while 
both the scapula and coracoid are separate elongated 
bones, forming an acute or right angle at their junction. 
As a rule, flying birds are also characterised by the 
circumstance that in the pelvis the bones known as the 
ilium and ischium 
are united at their 
outer extremities 
so as to enclose an 
aperture, while the 
head of the quad- 
rate bone, by which 
the lower half of the 
beak articulates 
with the skull, is 
double, and in the 
palate the vomer 
(except in the tina- 
mus) is not fused 
with the neighbour- 
ing bones, or inter- 
posed between them 
and the rostrum of 
pRemDasem.Or ‘tive 
skull. On the other 
hand, in the ostrich 
tribe the  breast- 
bone is devoid of a 
keel, the coracoid is 
short and united 
with the scapula, 
and the two bones 
form a very obtuse fe 
angle at their junction, while the furcula is incomplete, 
so that its two branches remain quite separate. 

All these birds likewise agree in having their wings 
greatly reduced, so as to be utterly useless for flight ; 
and are also characterised by the extremities of the 
ilium and ischium (except in very old individuals of 
the rheas and emeus) remaining distinct ; and like- 
wise by the single head of the quadrate bone, as they 
are by the vomer, which is broad behind, being inter- 
posed between the other bones of the palate and the 
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rostrum of the base of the skull, and frequently fused 
with some of them. 

Other features of the group are the absence of an 
oil-gland, and of any marked distinction between 
feathered and unfeathered areas on the skir. ; while 
the hook-like or uncinate processes of the ribs are 
never more than three in number, and often rudi- 
mentary, or even absent. In addition to the agreement 
in the structure of the skull, they resemble the tinamus 
in that the terminal vertebre of the tail are not united 
to form a _plough- 
share-like bone. 

The palate is 
quite different from 
that of all the fly- 
ing birds except 
tinamus. 

On account of 
the invariable 
absence of a keel 
to the breast-bone, 
the members of the 
ostrich tribe are 
collectively desig- 
nated the Ratita— 
so named from the 
Latin term for a 
flat-bottomed boat. 
This group was 
formerly reckoned 
as a subclass of 
equal rank with 
one containing all 
other birds, and 
termed Carinate. 
It is, however, now 
evident that most 
of the structural 
peculiarities of the ostrich tribe, except those connected 
with the skull (some of which are common to tinamus), 
are adaptations due to the loss of flight. Consequently, 
the Ratite are now ranked as an order, albeit of a 
primitive type. The existing members of the group, 
which are comparatively few-in number and have a 
remarkably scattered distribution on the surface of 
the globe, are widely different from one another in 
structure, and include the largest of all birds, while 
none of them is very small. 


FEEDING 


CLASSIFICATION OF RATITAE MENTIONED IN THIS WORK 


ORDER FAMILY 3 _ FAMILY 4. 
Flightless, or Ostrich-like Birds—Ratite Cassowaries and Emeus—Casuariids an eae 
le GEN 
FAMILY CEAUS J ’ Kiwis—Apteryx 
Ostriches—Struthionidz Cassowaries—Casuarius SPECIES 
GENUS SPECIES South Island kiwi .......... Apteryx australis 
Ostriches—Struthio Ceram cassowary........+- Casuarius galeatus North Island kiwi................ A. mantelli 
SPECIES Australian cassowary ............ C. australis aie grey at podbeaoooononads 6 ve pron 
. ; - S : ws Beccrari’s cassowary .......... ..C. beccrarii ALZSQTOV KL WI Mayu crue eveteteteteteteremenne teat . haasti 
a tan ice Pag oo Re dcrtnnes Two-wattled cassowary... ao .C, bicarunculatus FAMILY 5 
ESSai Orch pines ey "ows... §.masaicus Single-wattled cassowary .C. uniappendiculatus Moas—Dinornithidee (extinct) 
Souther ostrich Oo Aa S. australis Papuan CaSsOWATY ....++ +. +++ ee C. papuanus GENUS 1 
: res Westermann’s Cassowary ........ C. occipitalis Long-legged Moas—Dinornis 
FAMILY 2 Painted ‘cassawary ..wer..cc.+ ss C. picticollis iz euraets 
i i j RS CARBO WAL Vaseiets viclsisloreveie are a tti a é 
Rheas. or American Ostriches—Rheide Bennett’s cassowary C. bennetti Short-logged: Mone—Pavhyornin 
GENUS GENUS 2 GENUS 3 
Rheas—Rhea Emeus—Dromeeus Broad-billed Moas—Emeus 
SPECIES SPECIES ‘ FAMILY 6 ee 
He PRCA s, mavchelenstagete | Meteteis ete Rhea americana Australian emet .... Dromeus nove-hollandiz Rocs—pyornithide (extinct) 
Darwin’s Thea Hee ee en 2 aes. R. darwini Spottediemelmaameeenen iniewien D. irroratus GENUS. 
Long-billed rhea......++. ».R.macrorhyncha Black emeu ...-.-----+-+++e meoctanaod Shere Zpyornis 


OSTRICHES 


HE ostriches (family Struthionid@) are the largest of 
all existing Ratite, and therefore of all living birds, 
and they are at the same time the most specialised 
representatives of the order, this specialisation showing 
itself in the reduction of the number of ‘toes to two, 
owing to the absence, not only of the first or hind, 
but likewise of the second toe. In this respect 
ostriches are perfectly unique among birds. While 
they agree with the majority of their allies in the short 
beak, Gtriches are further characterised by the short, 
stunted nails on the toes, the great proportionate 
length of the humerus of the rudimentary wing, 
and the absence of after-shafts to the feathers. 

In the skeleton the furcula iS g- oes 
wanting, the pubic bones of the 
pelvis unite in a symphysis (as 
they do in many reptiles but in 
no other birds), and the lower end 
of the tibia has no bony bridge 
over the groove for the extensor 
tendons ; while there are also cer- 
tain characteristic features in the 
base of the skull into the con- 
sideration of which it will be 
unnecessary to enter. In addition 
to their large size and two toes, 
ostriches are characterised exter- 
nally by the small and flattened 
head, in which the short beak is 
broad and depressed; the long, 
powerful, and practically naked 
neck; the full and massive body, 
provided with short wings; the 
muscular and partly bare thighs, 
and the stout metatarsus and foot. 
The beak has a very wide gape, 
reaching back to the line of the 
eyes ; and the nostrils open near 
the middle of its length. The third 
toe is much larger than the fourth, 
and both are furnished with soft 
fleshy pads on the under surface. 

In the immature state the skin 
is covered with coarse plumage of 
a mottled dark brown and yellowish 
white hue, the neck being com- 

pletely bare. Jn the adult female 

the colour changes to a nearly 
uniform dusky grey; but in the 
male, while the body feathers are 
black, the tail feathers and quills 
of the wing are pure glistening 
white; the neck in both sexes 
being clothéd with short ddwn. A 
peculiarity of the feathers of the 
wings and tail is that their two 
webs are of equal width. 

The young, like the other mem- 
bers of the group, are active as soon as hatched; and 
the eggs are polished and, pale yellowish white in 
colour ; those of the southéfn species being traversed 
by a number of minute punctures, while those of the 
northern species. are smoother and more ivory-like. 
Finally, the male is far superior in size to his partner. 

Four species of ostriches are now provisionally re- 
cognised ; the typical bird being Struthio camelus ot 
Northern Africa, Arabia, Syria, and Mesopotamia. In 
this species the colour of the naked skin of the neck and 
thighs is flesh-coloured ; whereas in the Somali ostrich 
(S. molybdophanes) it is bluish, and there is a conspicuous 
red patch on the front of the metatarsus. This Somali 


SKELETON 


AND EGGS OF AN OSTRICH 


ostrich, which lays smooth-surfaced eggs of the 
northern type but with distinct pits, is replaced in 
Masailand by S. masaicus, characterised by the full 
red of the neck and legs. Finally the southern S. 
australis of the Cape is characterised by the grey 
colour of the bare parts and the heavily-pitted eggs. 
All four kinds are, however, very closely allied, and may 
well be regarded as local races of a single variable 
species. In regard to the dimensions attained by 
ostriches, it may be mentioned that an unusually fine 
male from the Niger basin measured 4 feet Io inches in 
height at the back, and had a total length of 4 feet 
3 inches. Ordinary examples of the same sex reach only 
— about 3 feet 8 inches in heirht. 
{ea Although now confined to Africa, 
Syria, Arabia, and Mesopotamia 
and becoming every year scarcer 
in the three last-mentioned 
countries—there is a _ possibility 
that ostriches formerly existed 
withta the historical period in 
parts.of Central Asia and perhaps 
in Baluchistan, since there are 
several allusions to birds which 
can scarcely be anything else than 
ostriches in various ancient writ- 
ings. Quite apart, however, from 
this, the evidence of its fossilised 
remains shows that an extinct 
ostrich, S. asiaticus, inhabited 
North-Western India during the 
Pliocene period, while a second 
lived in Central India to a much 
later date; and a petrified egg 
from the province of Cherson, in 
Russia, points to the former exist- 
ence of these birds in that part 
of Europe. 

Originally it is probable that 
ostriches ranged in suitable locali- 
ties from Senegambia in the west, 
through Southern Morocco, Algeria, 
and Egypt to Arabia, Syria, and 
Mesopotamia in the east; while 
they also extended from Algeria 
through Central and~ Eastern 
Africa to the Cape. Being, how- 
ever, essentially a bird of open, 
sandy districts, there are many 
regions in Africa, such as the 
neighbourhood of Zanzibar and 
large tracts on the west coast and 
in the Congo valley, where, owing 
to the prevalence of forest, the 
ostrich never existed. 

Moreover, the constant persecu- 
tion with which these birds have 
been harassed for years on account 
of their beautiful plumes has led to their almost com- 
plete disappearance from Egypt and Nubia, and they 
are now seldom found to the north of latitude 17°. 
Ostriches have also disappeared from large tracts in 
South Africa, although still to be met with in small 
parties in the great Kalahari Desert, and especially in 
the part lying to the southward of Lake Ngami. They 
are likewise still fairly common on the borders of 
Namaqualand and Damaraland, the great Mabebi flats, 
and certain parts of Matabililand and Mashonaland, 
where they are sometimes seen in large flocks. __ 

Always inhabiting more or less desert-like districts, 
or flats covered with stunted patches of bush, where 
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THE OSTRIC : ; 
From the photograph by Gambier Bolton, by permission of the Autotype Fine Art,Company, Ltd., 74, New Oxford Street, W.C, 
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the elevated position of their heads gives them a wide 
field of vision, ostriches in South Africa generally 
associate in parties of from ten to twenty individuals, 
although in the northern parts of the continent the 
flocks are stated to be smaller. In Southern Africa they 
frequently associate with herds of gnu and _ bonte- 
quagga ; and their keen sight and wary nature, coupled 
with their unrivalled speed, render them nearly the 
most difficult of all animals to capture. 

Outstripping the swiftest African antelopes in speed, 
the ostrich in cool weather could indeed easily escape from 
any horseman were it not for its foolish habit of running 
in acircle, and thus allowing shots to be easily obtained. 
In running at speed, an ostrich spreads it wings, and 
the distances it can traverse are enormous ; indeed, 
during the day time it is continually on the move. In 
the neighbourhood of the sea or lakes ostriches are 
reported to be in the habit of bathing during the hot 
season, when parties have been seen standing up to 
their necks in water; and salt of some kind seems 
absolutely essential to their pe »s 
existence. The digestionof 4 
an ostrich is proverbial; and 
while in their general diet 
these birds are practically 
omnivorous, they are like- 
Wiser the habit ‘of 
swallowing stones, sand, 
bones, or even pieces of 
metal, to aid in the tritura- 
tion of their food. In 
captivity this habit prob- 
ably becomes abnormally 
developed ; and there are 
instances where even the 
constitution of an ostrich 
could not resist the effects 
of some of the substances 
swallowed. Among the 
ordinary food of the 
ostriches are comprised 
small mammals and birds, 
snakes, lizards, and insects, 
as well as grass, leaves, 
fruits, berries, and seeds. 
Although they can go for 
protracted periods without 
it, and will not wander far 
out of their way to procure 
it, yet when water is at 
hand, ostriches will drink 
constantly. 

Young ostriches are said 
to be silent, but the old 
cocks utter a loud cry, which is likened by Livingstone 
to the roar of the lion, and by Canon Tristram to the 
lowing of oxen ; this cry being generally uttered in the 
early morning. The ostrich’s chief mode of attack or 
defence is by kicking with its immensely powerful legs, 
although in the fights in which the cocks periodically in- 
dulgethe birds also peck at one another with their beaks. 

Much interest attaches to the breeding habits of the 

-gstrich, although, from many of the accounts having 
been derived from native sources, very erroneous 
notions are prevalent on this subject. At the pairing 
season, which takes place early in the spring, each cock, 
after having gone through various performances to 


_- attract their attention, and frequently many contests 


with his rivals, associates with three or four hens. 
All these hens lay in a single nest, which consists solely 
of a large hollow excavated in the sand. 
There is still some uncertainty as to the number ot 
eggs laid in a nest, although there is little doubt that 
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this has been much exaggerated. So many as twenty 
are, however, frequently incubated ; but in addition 
to these it appears that a certain number are de- 
posited round the edge of the nest, which are never 
intended to be hatched, and probably serve as food for 
the young. It is frequently stated that both sexes take 
equal shares in the work of incubation, but, as a matter 
of fact, the cock undertakes the greater part of the task. 
He sits, for instance, throughout the night, when the 
nest must be protected from prowling jackals, and in 
those regions in which the eggs are incubated by day as 
well as by night is only relieved by the females for 
short periods during the day in order to procure food. 
Incubation during the day takes place, however, only 
in the cooler districts of the ostrich’s habitat ; in the 
hotter regions the eggs being left to themselves, with 
a covering of sand during the day. 

As already mentioned, advantage is taken of the 
peculiar habits of the ostrich to surround the flocks 
with parties of mounted men, and by this method 
many are killed in Africa. 
There are, however, many 
other ways of capture. For 
instance, the Bushmen were 
formerly in the habit of 
; dressing themselves in the 
skin of an ostrich, and thus 
disguised penetrating into 
the midst of a flock, when 
the birds were despatched 
one after another by means 
of poisoned arrows. The 
hunter had, however, to 
take care to keep to the 
leeward of his victims. 

In Somaliland the natives 
hunt the ostrich on camels ; 
while in Arabia and the 
Sahara it is ridden down 
on horseback. The Bush- 
men also resorted to the 
aid of pitfalls, as do the 
Somalis at the present day ; 
while the lasso is employed 
by the Hadendowa Arabs 
of the Sudan and some 
other tribes ; and in Senar 
a curved stick is used in 
boomerang-fashion for the 
same purpose. In Nama- 
qualand the birds are either 
surrounded by a cordon of 
men on foot, who gradually 
close in upon the flock, or 
are driven by mounted hunters past concealed relays 
of their companions, who in turn take up the pursuit 
till their victims fall-through sheer exhaustion. 

Ostrich-farms are now established, not only in South 
Africa, but in several other parts of the world, especially 
Arizona and Australia; the feathers, of which the 
most valuable are the product of the cock, being cut at 
regular intervals. ; 

In South Africa attention has of late years been 
directed to improving the quality of the feathers 
yielded by these semi-domesticated birds, and es- 
pecially to eliminate the defect known as “ barring,” 
which is stated to cause an annual loss of something 
like £25,000 to South African ostrich-farmers. Although 
to the uninstructed eye all South African ostriches 
appear much alike, an expert will recognise a variation 
in the length, breadth, density, shape, and lustre of the 
feathers, and it is with these small but commercially 
important differences that the breeder has to work. 
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indigenous in Scotland and Ireland, the capercaillie was exterminated towards the end of 
1837 into Scotland, where it is now fairly plentiful in the counties of Perth 
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KING PENGUIN 


Penguins are some of the most strange and bizarre of all birds, alike as regards personal appearance and habits. On land they present a most curious 
appearance, both when strutting about with their padded feet over the snow, or when gliding on their breasts down a slope toboggan-fashion.”’ 
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tograph by Gambier Bolton, by permission of the Autotype Fine Art Cos Ietd.; 
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and scarcely showing any portion of their bodies. 
In regard to the breeding habits of rheas, Darwin 
writes that “when we were at Bahia Blanca in the 
months of September and October, the eggs, in extra- 
ordinary numbers, were found all over the country. 
They he either scattered and single, in which case they 
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are never hatched, and are called by the Spaniards 


huachos: or they are collected together into a shallow 
excavation, which forms the nest. Out of the four 
nests which I saw, three contained twenty-two eggs 
each, and the fourth twenty-seven. In one day’s 
hunting on horseback sixty-four eggs were found ; 
forty-four of these were in two nests, and the remaining 
twenty scattered huachos. The Gauchos unanimously 
affirm, and there is no reason to doubt their statement, 
that the male bird alone hatches the eggs, and for some 
time afterwards accompanies the young. The cock 
when on the nest lies very close ; I have myself almost 
ridden over one. It is asserted that at such times 


OF RHEAS 


they are occasionally fierce, and even dangerous, and 
that they have been known to attack a man on horse- 
back, trying to kick and leap on him.” 

The truth of the statement that the cock under- 
takes the whole work of incubation has been demon- 
strated not only by observations made upon wild birds, 

but on cap- 


tive  speci- 
mens, which 
in England 
have bred 
freely. In the 


southern rhea 
the period of 
incubation 
lasts from 
thirty +o 
thirty-one 


days; and 
while in the 
south the 


usual number 
of eggs in a 
nest 1s from 
fifteen to 
twenty, in the 
north as many 
as thirty-two 
have been 
observed. 
The rhea, 
like the gua- 
naco, is hunt- 
ed with the 
bolas, or balls, 
. one method 
being for a 
number of 
mounted men 
armed with 
this imple- 
ment to en- 
close, with the 
aid of the fe- 
male portion 
of the tribe, 2 
considerable 
tract of coun- 
try, and thus 
slaughter all 
the game con- 
tained within 
EWG Ciseles 
while the 
second and 
more sporting 
single horseman to pursue the 
latter case a horse of great 
endurance and endowed with a fair turn 
of speed is absolutely essential, while it is 
requisite that the steed should have learnt to follow all 
the twistings and doublings of the birds. 

The supreme skill and judgment in casting the bolas 
at the right moment, and with the requisite strength 
and accuracy of aim necessary to ensure bringing the 
game to bay, can in general be acquired only by those 
who have been accustomed to the use of the weapon 
from their childhood. Rheas have been hunted 
with the bolas for about two centuries, during which 
period they have learnt to start off at speed on catching 
sight of a mounted man; but till some fifty years 
ago, up to which date they were never shot, they 
display ed supreme disregard for a person on foot, 


plan is fora 
bird. In the 
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CASSOWARIES AND EMEUS 


‘Two important features serve at once to distinguish the 

cassowaries and their near allies the emeus (family 
Casuariide) from ostriches and rheas, the first of these 
being that the feathers have after-shafts of such large 
size as to make them practically double; while the 
second peculiarity is to be found in the eggs, which, 
instead of being light-coloured and smooth, are dark 
green in colour and granulated in texture. From the 
observations of Mr. W. Bennett on captive emeus, it also 
appears that in this group the females are larger than 
the males. Then, again, the wing is extremely rudi- 
mentary, so much so, indeed, that it may be invisible 
externally, the humerus, or upper bone, being very 
Short... 

In addition to certain peculiarities connected with 
the structure of the bones of the palate, the skeleton is 
further distinguished by the retention of rudiments of 
the furcula. In the presence of three toes 
to each foot, both emeus and cassowaries 
resemble rheas. By many naturalists the two « 
genera under consideration are regarded as the 
representatives of as many distinct families, , 
although the amount of difference between 
them seems sufficiently expressed. by referring 
them to two subfamilies of a single family. 


CASSOWARIES 


Cassowaries form an extensive genus, con- | 
taining at least nine well-defined species, 
confined to Australia, New Guinea, Ceram, 
and some of the neighbouring islands. They 
are specially characterised by the bare head 
being surmounted by a helmet-like promi- 
nence, formed by an upward extension of the ) 
bones of the skull, and covered with naked 
skin; by the bare neck, which may or may | 
not be ornamented with pendent wattles, 
and likewise by the great length of the claw 
of the second or inner toe. The body is 
covered with dark-coloured feathers of a 
peculiarly loose and coarse structure, which 
are glossy, and appear more like hairs than | 
the plumage of an ordinary bird; and the 
wing is represented externally merely by . 
some four or five black quills devoid of barbs, 
presenting the appearance of very coarse , 
bristles. | 

Although the whole of the numerous species 
of cassowaries are included in a. single 
genus (Casuarius), this has been subdivided ; 
into three minor groups, distinguished by the 
form of the helmet, and the number of the © 
wattles on the neck, or their absence. In 
the first group, as typically represented by 
the Ceram cassowary (C.. galeatus), which | 
appears to be confined to the island from 
which it takes its name, and was the first 
of these extraordinary birds made known to | 
science, the helmet is flattened from side to _ 
side, or compressed, and the wattles on the & 
neck are either two or double. Other repre- 
sentatives of this group are the Australian 
cassowary (C. australis), of Northern Australia; Bec- 
cari’s cassowary (C. beccarti) of the Aru Islands and 
New Guinea; and the two-wattled cassowary (C. 
bicarunculatus) of the Aru Islands. ; 

To the second group belongs the single-wattled 
cassowary (C. uniappendiculatus) from the island of 
Salwatti and the adjacent coast of New Guinea, which, 
while agreeing with the members of the preceding group 
in the form of the helmet, differs by having a single 


undivided wattle. Lastly, there is a third group, 
characterised by the circumstance that the helmet is 
flattened from above, or depressed, and wattles are 
absent; this group, which is exclusively Papuan, 
includes the Papuan cassowary (C. papuanus) of 
Northern New Guinea, Westermann’s cassowary (C. 
occipitalis) from the island of Jobi, the painted casso- 
wary (C. picticollis), confined to South-Eastern New 
Guinea, and Bennett’s cassowary (C. bennett), from New 
Britain. 

Fossil remains of an extinct cassowary have been 
obtained from the superficial deposits of Australia, 
and in its whole distribution the genus corresponds 
very closely with the Australasian pouched mammals, 
none of its representatives occurring to the westward 
of the island of Celebes. 

Other species in addition to those mentioned are 


AUSTRALIAN CASSOWARY 


known, and a scheme of classification somewhat 
different to the foregoing has been proposed. , 

In. appearance, owing to the brilliant hues of blue, 
green, and red on the naked skin of the head and neck, 
coupled with the glossy sheen of the blue-black plumage, 
cassowaries are perhaps the handsomest of all the 
Ratite. The largest species of all, and the one in which 
the horn-coloured helmet attains the greatest develop- 
ment, is the Australian cassowary, which, when erect, 
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stands considerably over five feet in height. Among 
its distinctive features is the fine cobalt blue tint of the 
throat and fore neck, and the red terminal flaps of the 
deeply-divided wa‘tle, the Ceram species having the 
throat and fore neck dull purple. 

Of the species without wattles, Bennett’s cassowary 
—the muruk o; the natives—has the neck entirely 
blue ; while in Westermann’s cassowary the fore part 
Gothemnecicais, Hie .-and 
the hind portion red, the 
reverse of this characterising 
the painted-necked species. 
Nestlings have the plumage 


mottled at first, but at a 
later stage the colour is 
tawny. 


In being forest-birds, 
cassowaries differ essentially 
from ostriches and _ rheas. 
They appear to be generally 
shy, and seldom seen in 
their native haunts; but 
we are, unfortunately, still 
in want of good accounts 
of the habits of these birds 
in their wild state. Those 
brought to Europe—where 
the hens will lay freely—are 
characterised by their ex- 
treme tameness and docility ; 
but this, it is said, is largely 
due to their being mostly, 
if not invariably, specimens 
reared from early chicken- 
hood in captivity by the 
natives, among whom these 
birds are treated almost like domesticated fowls. 

The Australian species is reported to frequent rocky 
wooded districts, where so many as seven or eight may 
be seen together, keeping almost entirely to the more 
open portion of the scrub, and seldom venturing out 
into the plains. From July to September, at least, 
these birds are known to feed chiefly upon an egg- 
shaped kind of blue berry, and their entire food is 
probably of a vegetable nature. 

Regarding the muruk, Mr. Bennett was informed 
that the natives of New Britain capture these birds 
“when very young, soon after they are hatched, and 
rear them by hand, but can rarely or never capture the 
adult, from its being so shy and difficult of approach. 
They are exceedingly swift of foot, and possessed of 
great strength in their legs. On the least alarm they 
elevate the head, and, on seeing danger, dart among the 
thick bushes, thread localities where no human being 
can follow them, and disappear with incredible rapidity. 
The muruk, with its powerful legs and muscular thighs, 
has an extraordinary power of leaping.” 

This species utters a kind of chirping cry, susceptible 
of modulations according to the occasion. Unlike 
emeus, which kick outwards and backwards, casso- 
waries invariably kick forwards, at the same time 
elongating their bodies. In captivity they will not 
infrequently perform a kind of war-dance around any 
object that attracts their attention, accompanied by 
vigorous kickings and many bendings of the neck. 
In spite of their speed and the rapidity with which 
they move their limbs, cassowaries do not run after 
{he manner of an ostrich, but may be said rather to 
trot. 

As regards their breeding habits in a wild state very 
little has been ascertained, although it appears that 
at this season they associate only in pairs. From 
native reports concerning the rare Ceram cassowary, 
Dr. A. R. Wallace wrote that the female laid from 
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three to five eggs, which were brooded by each sex in 
turn; but from observations made on menagerie 
specimens, it appears that all the work of hatching 
devolves upon the cock, the period of incubation being 
about seven weeks. Although cassowaries will lay 
freely, it is but seldom that the eggs are hatched in 
captivity. In colour, the latter are dark green, with 
the surface of the shell beautifully granulated, or 
shagreened. The young cas- 
sowaries, in which the posi- 
tion of the helmet is indi- 
cated by a flat, horny plate, 
are carefully tended and fed 
by the cock bird until able 
to shift for themselves. 


EMEUS 


Originally applied indif- 
ferently to the members of 
both the preceding and the 
present genus, the name 
emeu (a derivative from 
the Portuguese word emea, 

~,meaning apparently a crane, 
and then any large bird) 
is now by common consent 
restricted to the latter. 
Agreeing with the casso- 
waries in the features men- 
tioned above, the emeus—of 
which all the species are 
restricted to Australia and 
some of the adjacent islands 
—are distinguished by the 
absence of a helmet, the 
complete feathering of the 
and the normal length of the 
claw of the second toe; the claws of all three toes 
being much shorter than in the allied genus. They are 
further characterised by the beak being depressed and 
broad, instead of narrow, compressed, and keeled; as 
they are by the absence of the bare black quills in the 
still more rudimentary wing. 

Standing next in point of size among living birds to 
the ostrich, the common emeu (Dromeus nove-hol- 
landie) of Eastern Australia has the general hue of 
the plumage light brown, mottled in some parts with 
grey; the individual feathers being uniform blackish 
grey, except near the tips, where they are black, with 
a broad subterminal band of rufous (page 919). 

In Western Australia this bird is replaced by the 
so-called spotted emeu (D. trrovatus), said to be of 
more slender build, and having the feathers barred 
with white and dark grey, and terminating in a black 
spot with a rufous margin; doubts have, however, been 
expressed as to whether it is even entitled to rank as 
a distinct race. 

While the two sexes of the adult are nearly similar, 
the young of the common emeu have the ground- 
colour of the plumage greyish white, with two 
stripes of black down the back, and two others on 
each side, both divided by a narrow median streak 
of white, and continued on to the head, where they 
break up into spots, while there are also others on the 
fore part of the neck and breast, which terminate on 
the thighs. 

A much smaller species is the black emeu (D. aét:-r, 
or D. perront), which formerly inhabited Kangaroo 
Island, in Bass Strait, but was exterminated by a 
squatter during the last century. Emeu bones have 
also been obtained on King Island, Bass Strait. Colonel 
Legge has stated that he recalls having seen a pair of 
Tasmanian emeus in his boyhood, and believes that 
they were slightly smaller than the mainland species, 
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As it also lays a larger egg, it is regarded as distinct. 
As in the case of cassowaries, emeus are represented 
by an extinct species from the superficial deposits 
of Australia. 

At one time abundant in the neighbourhood of 
Botany Bay and Port Jackson, where it formed as 
characteristic a feature in the landscape as kangaroos 
and wallabies, the emeu is now only to be met 
with in the far interior, where it is yearly becoming 
scarcer. Unlike cassowaries, emeus are inhabitants 
of the plains and open _ forest-country, where, 
although strictly monogamous during the breeding 
season, they associate in small parties. Their food 
consists of fruits, roots, grass, and other herbage; 
their chief feeding time being the cool of the early 
morning. 

Possessed of great keenness of vision, and swift of 
foot, emeus rival kangaroos in speed, and afford an 
exciting chase with dogs. Such hunts do not end till 
the birds are thoroughly exhausted, when, if seized 
by the neck, in order to avoid kicks from their powerful 
legs, they are soon pulled down. 

As with most other members of the order, the task of 
incubation falls to the share of the cock, by whom the 
eggs, which vary in number from nire ‘o thirteen, 
are brooded for a period of __ 
from fifty-four to sixty-four 
days Phe nest is  but- a 
poor affair, consisting merely 
of a shallow hollow scooped 
in the sandy soil. In colour 
the eggs vary from dark 
bottle-green to light bluish. 
green; their length being just 
short of 5 inches, and their § 
transverse diameter 3 # inches. 

During the breeding season, at | 
least, hen birds utter a peculiar 
loud booming sound, produced 
through the intervention of a | 
pouch communicating with the 
windpipe, on the front of which j 
it opens by a small aperture; 
this structure being confined 
to the female sex. From her f 
larger size, the hen emeu is | 
very liable to be mistaken for | 
the cock. § 

Writing of the difference in 
the habits and appearance of 
the two sexes, Mr. Bennett 
observed, of a pair in his pos- 
session, “‘one is considerably 
larger than tl:e o’her, stouter | 
in limb, and more robust in \ 
every feature; it has a slight 
top-knot, and goes strutting 
about, especially in damp@e 
weather, with its breast feathers | 
fully out, like a pouter-pigeon, 
or, rather, some huge turkey- 
cock. It is usually the more 
courageous and pugilistic. It 
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The former, although at first regarded as the male, 
turned out to be the female. 

In the wild state emeus take readily to water, and 
have on more than one occasion been observed swim- 
ming wide rivers. Beneath the skin these birds have 
a thick layer of fat, yielding a pale amber-coloured oil, 
free from either taste or smell. Very easily tamed, and, 
in a domesticated state, thriving well in Europe, where 
it breeds freely, the emeu is noticeable for a curious 
and somewhat mischievous disposition. It will, for 
instance, invariably endeavour to inspect every strange 
object brought into its vicinity, while if a visitor shows 
any symptoms of fear when brought into a paddock or 
park containing one or more of these birds, and attempts 
to escape by flight, he will be certain to be pursued. 

On one occasion, at Sydney, a man thus hunted by 
a tame emeu was much astonished at having his hat 
removed by the bird. In such chases, emeus appear 
to be actuated more by a spirit of mischief than any- 
thing else; but when they are brought to bay, and 
take to kicking with their muscular legs, they are 
formidable adversaries. In kicking, the blow is 
delivered outwards and backwards. 

During the late portion of the Tertiary epoch 
Australia possessed certain larve birds, which have 
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makes a deep, hollow, guttural 
boom when under any gentle ex- 
citement of pride or pleasure, especially on damp 
evenings, or in the still hours of the night, sounding 
like a small gong or distant muffled drum. The 
other is more agile and graceful in all its movements, 
corresponding with its slender frame, more docile and 
inquisitive, fleeter of foot, and with no voice beyond 
a suppressed hiss when angry, and a sort of grunt 
when distressed.” 


been named Dromornis and Genyornis, and apparently 
indicate an extinct family, Dromornithid@, more or less 
closely allied to the Casuariide. 

Remains of a very large kind of flightless bird, 
forming a genus, and perhaps also a family, by 
itself have been obtained from the lower Tertiary 
deposits of the Fayum district of Egypt. This bird 
is the oldest of the whole group. . 
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‘trace of the furcula. The 


KIWIS 


s the ostriches are the most specialised of the living 
members of the order, so the kiwis (family A ptery- 
gid@) of New Zealand may be regarded as those occupying 
the most generalised position in the group. The 
specialisation of the ostriches is shown, among other 
features, by the gigantic stature of those birds, the 
reduction in the number’ of the*toes, and the total 
absence of any trace of a bony bridge at the lower end 
of the tibia. The kiwis, on the other hand, exhibit 
their more oe nature by their comparatively 
small size—it being obvious that if the Ratite were 
derived from flying birds, the intermediate forms 
must have been small—by the presence of four complete 
toes, and by remnants of the bony bridge at the lower 
end of the. tibia. 

Whether the long beak of the kiwis is also a gener- 
alised feature may be doubtful. If these birds have 
any close affinity with the tinamus, it cannot be thus 
regarded ; but if, as some think, they are allied to the 
rails, then it may be looked upon in this light. Kiwis 
and roas (as some of the species are called by the 
Maori)*differ from all the other living members of the 
order by their small bodily size, the presence of four 
toes to the foot, and the long and slender beak. They 


-are further characterised by ‘the females being much 


superior in size to the males, the complete lack of 
after-shafts to the feathers, and the absence of any 
bones of the wing— 
especially the humerus—are very small and 
slender, and externally the whole wing is com- 
pletely concealed by the plumage of the back. 
In general appearance the entire plumage is 
markedly shair-like, the individual feathers being 
pointed, and composed of separate filaments 
towards the end of the shaft, of which the basal 
half is downy.* In build kiwis are very robust, 
the thighs and legs being remarkably muscular 
and strong, while the toes are furnished with 
strong claws. Although in old birds the scales 
investing the metatarsus have overlapping edges, 
and form a perfectly smooth surface, in the young 
they are soft, detached, and reticulated. The 
general colour of-the plumage is mottled grey and 
brown, the feathers having in some cases light- ° 
coloured shafts, and in others dark cross-bars. 
In addition to great individual variations of 
size, kiwis are remarkable for their very large _ 
eggs, which are of a creamy white colour, and out 
of all proportion to the dimensions of the birds 
by which they are laid. In having the nostrils 
placed at the tip of the beak, these birds are 
unique. 
. At the present .day kiwis are represented by 
several species, of which the first known to science 
was the South Island Apteryx australis. This 
species is of large size and stout build, with a 


very long beak; the general colour of the plumage 


being. bghter, and the individual feathers of a * 
Sandier and more greyish brown tinge, than in - 
the next kind. 

In the North Island kiwi (A. mantelli) the general 
colour of the plumage of the upper parts is.dark rufous 
streaked with blackish brown, while the under parts 
are pale greyish brown; the streaky appearance of 
the upper “surface being caused by each feather having 
the middle line pale rufous brown, darker towards the 
tip, and the long hair-like filaments black. The total 
length of the male, following the curvature of the 
back, is about 23 inches, and that of the female 27} 
inches. 

Among the other 


species, the little grey kiwi (A. 


owen?) of the South Island is characterised by its small 
i ngth of the male being only 17} inches—by 
its moderately long beak, and more slender legs ; the 
general hue of the plumage of the upper parts being 
light yellowish brown, mottled and obscurely barred 
with wavy blackish brown markings, while beneath it 
is paler, becoming fulvous on the abdomen, where 
there are faint brown bars. 

Some doubt exists as to the right to distinction of 
the large grey kiwi (A. haast1), which has been regarded 
as merely a hybrid between the South Island and the 
little grey kiwi. This idea is, however, put out of 
court by the circumstance that it exists also, in the 

{orth Island, where the two latter do not occur. It is 
a large and thick-billed species, of darker colour than 
the little grey kiwi, the dark bars on the plumage 
being nearly black, and the fulvous markings tinged 
with chestnut. 


Fossilised remains of the existing species occur 
with those of »the moas, while one is- supposed 
to be extinct, and haSxbeen named Pseudapteryx. 


In habits kiwis are purely nocturnal, and when still 


abundant were commonly found in parties of from 
six to twelve, their shrill nocturnal cries resounding 
far and wide throughout the mountainous parts of 
the country they frequent. 

No better account of their general mode of life is 
extant than one from the pen of Sir W. J. Buller, who, 


A KIWI Photo, W. P. Dando 


after mentioning that the kiwi is in some measure 
compensated for the absence of wings by its swiftness 
of foot, proceeds to observe that © when running it 
makes wide strides and carries the body in an oblique 
position, with the neck stretched to its full extent and 
inclined forwards. In the twilight it moves about 
cautiously and as noiselessly as a rat, to which, indeed, 
at this time it bears some outward resemblance. In 
a quiescent posture the body generally assumes a 
perfectly ec SPPESTaRe’ 5 and the bird sometimes, 
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but only rarely, supports itself by resting 
the point of its bill on the ground. It often 
yawns when disturbed in the daytime, gaping 
its mandibles in a very grotesque manner. 
When provoked, it erects the body, and, 
raising the foot to the breast, strikes down- 
wards with considerable force and rapidity, 
thus using its sharp and powerful claws as 
weapons of defence. 

‘**When hunting for its food the bird makes 
acontinual sniffing sound through the nostrils, 
which are placed at the extremity of the 
upper mandible. Whether it is guided as 
much by touch as by smell I cannot safely 
say ; but. it appears to me that both senses» 
are called into action. That the sense of 
touch is highly developed seems quite 
certain, because the bird, although it may 
not be. audibly sniffing, will always first 
touch an object with the point of its bill, 
whether in the act of feeding or of surveying 
the ground ; and when shut up in a eage or 
confined in. a room, it may be heard all 
through the night tapping softly at the 
walls. 3 

‘“The sniffing sound is heard only when 
the kiwi is in the act of feeding or hunting 
for food; but I have sometimes observed 
the bird touching the ground close to or 
immediately round a worm which it had 
dropped without being able to find it. 

“lt is interesting to watch the bird ina 
state of freedom foraging for worms, which 
constitute its principal food ; it moves about 
with a slow action of the body, and the 
long, flexible beak is driven into the soft 
ground, generally home to the very root, and 
is either immediately withdrawn with a worm 
held at the extreme tip of the mandibles, 
or it is gently moved to and fro, by an action 
of the head and neck, the body of the bird 
being perfectly steady. It is amusing to 
watch the extreme care and deliberation 
with which the bird draws the worm from 
its hiding-place, coaxing it out, as it were. by 
degrees, instead of pulling roughly or breaking 
Lise : 

On getting the worm fairly out of the 
ground, the bird throws up its head with a 
jerk, and swallows its prey whole. The 
stomachs of specimens that have -been dis- 
sected contain pebbles, remains of beetles, 
and the kernels of berries. : 
tivity kiwis are dull, listless creatures during 


Inc 
the day ; lying closely huddled together, and slumber- 
ing soundly that no noise will arouse them. If 


stirred up with a stick, or suddenly wakened, they 
make a few drowsy movements, and soon relapse into 
sleep. From observations made on specimens In 
captivity, it appears that the female kiwi (unlike the 
other members of the order) lays but one or two eggs 
annually, which are deposited in hollows in the ground, 
and incubated by her partner. When there are two, 
the eggs, which are placed lengthways side by side, 
are.of such a size as to protrude from the sides of the 
narrow body of the sitting bird. During the breeding 
season the kiwi is silent. An egg of the North Island 
kiwi measured a little over 5 incnes in length by 3 in 
breadth. 


MOAS 


The fate impending in the case of the kiwis has long 
since overtaken their gigantic extinct cousins tlie 


SKELETON OF GIANT MOA 


° 


moas (family Dénornithidey, which had already dis- 
appeared from New Zealand when those islands were 
first colonised from Europe, although there is good 
reason to believe that they lived on till within the last 
five hundred or four hundred years, if not to a con- 
siderably later date. These birds, of which not only 
the bones, but in some cases the dried skin, feathers, 
and egg-shells, as well as the pebbles they were in 
the habit of swallowing, have been preserved in the 
superficial deposits of New Zealand, attained a won- 


derful development in those islands, where they were — 


secure from persecution till man appeared on the 
scene, 


Not only did the larger members of the group far | 


exceed the ostrich in size, but they were extraordinarily 
numerous in species, as they were also in individuals ; 
such a marvellous exuberance of gigantic  bird-life 
being unknown elsewhere on the face of the globe in 
such a small area. As regards size, the largest moas 
could have been but little short of 12 feet in height, 
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the tibia being considerably over a yard in length ; 
while the smallest were not larger than a turkey. In 
reference to their numbers, it may be mentioned that there 
are some twenty species, arranged in about six genera ; 
and the surface of many parts of the country, as well as 
bogs and swamps, literally swarmed with their bones. 

Some of the moas had four toes to the 
foot, and others three, but all differed 
from kiwis in having a bony ridge over 
the groove for the extensor tendons of 
the tibia. They are, therefore, evidently 
the least specialised members of the 
order yet mentioned, seeing that this 
bridge is present in the majority of fly- 
ing birds, and has evidently been lost in 
all the existing Ratite (pp. 13 and 914) 

While agreeing in some parts of their 
organisation with kiwis, moas are dis- 
tinguished by the short beak and the 
presence of after-shafts to the feathers ; 
while in the larger forms, at any rate, 
not only was the wing, but likewise the 
whole shculder-girdle, wanting. There 
is, however, reason to believe that 
certain pigmy moas—which from their 
size were evidently the most generalised 
members of the group—retained some 
of the bones connected with the wing. 

Moas were represented by several very 
distinct structural modifications; the 
largest being the long-legged, or true, 


and comparatively slender leg-bones, and 

-also the large and depressed skulls. In marked contrast 
to these were the short-legged. or elephant-footed, moas 
(Pachyornis), in which the limb-bones are remarkable 
for their short and massive form ; the metatarsus being 
most especially noteworthy in this respect. In these 
birds the skull is vaulted and the beak narrow and sharp ; 


ORDER SAURUR/E 


Low down in the geological series in the strata lying 

below the Chalk and forming the upper part of the 
Jurassic series, there occur in Bavaria remains of birds 
departing more widely from existing types than any 
hitherto mentioned. These birds, of which only a 
couple of imperfect skeletons, with impressions of the 
wing and tail feathers, are known, are named Arche- 
opteryx, and constitute a group, Archeornithes, with 
the one order Saurure, of equivalent 
rank to one containing all other | 
birds. 

In size these lizard-tailed birds 
were about equal to rooks, with 
which they agree in being evidently 
adapted for perching on the boughs 
of trees. Inaddition to the possession 
of a small number of conical teeth 
in the short jaws, they are char- 
acterised by having a long, lizard- 
like, tapering tail, from each joint of 
which a pair of feathers takes origin. 
In this respect they differ from 
other birds in which the bones of 
the tail are shortened, so that the tail feathers arise 
in a fan-shaped manner from its terminal joint (page 915.) 

In addition to this, they are further characterised 
by the first three metacarpal bones of the wing, as well 
as those representing the corresponding fingers, being 
perfectly distinct from one another, and each terminal 
joint of the latter being furnished with a well-developed 
claw ; all other birds having the metacarpal bones, as 
well as some of those of the fingers, welded together, 


SKULL OF 


A Ene ; RIGHT TIBIA AND METATARSUS 
moas (Dinornis), characterised bythelong OF SHORT-LEGGED MOA 


ARCHAOPTERYX 


but in the somewhat smaller and less stoutly-limbed 
broad-billed moas (Emeus) itis broad, blunt, and rounded. 
The other species, in all of which the beak was sharp 
and narrow, are of relatively small stature, and include 
the smallest representatives of the family, some of which 
were less than a yard in height. The eggs of the moas 
were of a pale green colour, and prob- 
ably formed a favourite food of the 
Maori, by whom these birds were 
evidently exterminated. 


ROCS 


For a long period the marshes of 
Madagascar have yielded the egg-shells 
of enormous extinct birds, in search of 
which the natives are accustomed to 
probe with iron rods; thelargest of these 
eggs having a longer circumference of 
upwards of thirty-six inches, and a 
girth of thirty inches. From these eggs 
probably arose the legend of the “‘roc”’ 
of the old Arab voyagers ; and it is, at 
any rate, @envenient to adopt that name 
as the popular designation for the 
members of the family 4pyornithide, 
all of which are included in the genus 
ZEpyornis. In the course of time 
naturalists were rewarded by the dis- 
covery of the bones of the _ birds 
which laid these gigantic eggs; some 
of these remains indicating a bird of 
larger build than the most gigantic 
moa, the metatarsus being especially 
remarkable for its massiveness. Some of these 
birds appear to have had four toes, and they all 
differ from moas in the absence of a bony ridge at 
the lower end of the tibia. The skull was short and 
moa-like, and the wing seems to have been completely 
aborted. 


LIZARD-TAILED BIRDS 


while there are, at most, but two claws, as in the young 
of the seriema. 

In having cup-shaped articular surfaces to the 
bodies of the vertebree, the lizard-tailed birds resemble 
the above-mentioned Jchthyornis of the Chalk period, but 
they differ from all other members of the class in having 
the three bones constituting the pelvis perfectly distinct 
from one another (as in most reptiles), while in the leg the 

tibia and fibula are likewise separate. 

As regards the general structure of 

the wing and leg, these remarkable 

birds agree, however, with their 

modern allies; the foot having a 

complete cannon-bone, and only 
| four toes, of which the first is directed 

backwards. In the absence of hook- 
like (uncinate) processes to the ribs, 

Archeopteryx appears to be more 

specialised than ordinary birds, 
seeing that these elements exist in 
many reptiles. 
Finally, it should be noticed 
that these lizard-tailed birds and 
their short-tailed but toothed successors of the Chalk 
period afford a most valuable contribution in favour 
of the doctrine of evolution, approximating more and 
more, as we descend in the geological scale, to reptiles, 
to which birds are evidently nearly related. 

Apparently the whole body of Arch@opteryx was 
covered with feathers ; and it may be regarded as certain 
that this strange bird could fly, although its flight may not 
have been very powerful or prolonged. R.LYDEKKER 
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CHARACTERISTICS AND CLASSIFICATION OF REPTILES 
By R. LYDEKKER 


|X ordinary language the term reptile is applied indif- 

ferently to such creatures as crocodiles, tortoises, 
lizards, snakes, frogs, and salamanders, but by the 
naturalist it is used in a more restricted sense, and 
includes only the first four of these groups, together 
with a host of extinct types; while the frogs and 
salamanders, with certain other forms, both living 
and extinct, on account of important structural differ- 
ences, constitute a class by themselves, known as the 
Amphibia, and bearing the same rank as the class 
Reptilia. To an ordinary observer there would seem 
little in common between a scaled lizard or snake, a 
cuirassed crocodile, and a carapaced tortoise on the 
one hand, and a feathered bird on the other. Neverthe- 
less, the connection between reptiles and birds is 
exceedingly intimate—so close, indeed, that Professor 
Huxley has termed the latter greatly modified reptiles. 

At the present day the two groups are, however, 
very widely sundered ; and it is only by the study of 
forms long since extinct that it is possible to realise the 
intimate relationship that 
really exists between them. 
That birds are the direct 
descendants of reptiles may 
really be taken for granted, 
although we are still unac- 
quainted with the immediate 


links connecting the two 
classes. In another direction 
reptiles are, however, con- 


nected through other extinct 
forms with amphibians; while 
from the so-called anomo- 
dont, or mammal-like, rertiles 
mammals themselves have 
undoubtedly originated. 

As will be pointed out 
later on, amphibians are also 
intimately connected with the 
class of fishes, thereby indi- 
cating how closely allied are 
all the classes of the verte- 
brates, and how difficult is 
the task of the naturalist to 
distinguish them satisfactorily 
one from another when the whole of the extinct forms 
are taken into consideration. It is, indeed, solely from 
the still imperfect condition of our knowledge of the past 
denizens of the globe that it is possible to formulate any 
definitions at all, for had we the whole chain of organ- 
ised nature before us, it will be obvious that no breaks 
would exist, but that every group would pass by im- 
perceptible degrees into the earlier one from which it 
originated. 

Proceeding to the consideration of what constitutes 
a reptile, as distinct from any other vertebrate, it will 
be advisable in the first instance to point out some 
of the features in which reptiles agree with birds, and 
thereby differ from mammals. In the first place, the 
skull of a reptile and a bird articulates with the first 
vertebra by a single knob, or condyle (V of the figure) ; 
while each half of the lower jaw is composed of several 
distinct bones, and the whole lower jaw articulates 
with the skull by the intervention of a separate quadrate 
bone. Then, again, reptiles agree with birds in that the 
appendages developed from the outer layer of the skin 


LOWER AND UPPER SURFACES OF SKULL OF A 


CROCODILE 


WV, aperture of internal nostrils ; O, sockets of eyes; P, vacuities of 
palate; 7, frontal vacuities, or fosse; ”, condyle of occiput 


never take the form of hairs, and also by the circum- 
stance that the young are not nourished by means of 
milk secreted by special glands on the body of the female 
parent. Neither are gills developed at any period of 
life, throughout which respiration is effected by means 
of lungs; this being a feature common to mammals, 
birds, and reptiles. Reptiles and birds differ, however, 
from mammals in regard to the position of the ankle- 
joint, which is situated between the upper and lower 
rows of small bones entering into the composition of 
that part of the skeleton, instead of, as in mammals, 
weet the upper row and the lower bones of the leg 
itself. 

In producing their young from eggs (sometimes 
retained within the body of the parent until hatched), 
reptiles resemble not only birds, but likewise the lowest 
mammals ; with which they also agree in the nature of 
the investments surrounding the embryo. As regards 
the distinction between birds and reptiles, the latter 
are broadly separated from the former by the absence of 
feathers; the appendages of 
the outer layer of the skin 
taking the form of overlap- 
ping horny scales of granules, or 
of large shields uniting by 
their opposed edges. More- 
over, most reptiles differ from 
birds in having more than 
three digits in the fore limb ; 
while in no cases are the collar- 
bones fused into a furcula, as 
they are in all flying birds. 

A further distinction is to 
be found in connection with 
the circulatory system, the- 
blood of all existing reptiles 
having practically the same 
temperature as that of the 
surrounding air, and undergoing 
oscillations according to 
changes in the latter; while 
the aorta, or great propelling 
blood-vessel of the heart, is 
double, and crosses’ both 
branches (instead of only the 
left branch) of the windpipe. It will be obvious, how- 
ever, that these two last characters cannot be verified 
in the case of extinct reptiles, among which it is quite 
possible that there may have been some in which the 
blood had a temperature above that of the surrounding 
air. A similar remark will apply to the absence 
among living reptiles of those ramifications of the 
bronchial tubes throughout the body which form such 
a characteristic feature in the structure of birds. 

As additional features in the skeleton, it may be 
noticed that reptiles never have the terminal faces of 
the centra, or bodies, of the vertebre saddle-shaped ; 
while in those forms in which the number of toes in the 
hind limb is reduced to three, the metatarsal bones do 
not unite to form a cannon-bone in conjunction with the 
lower row of bones belonging to the ankle-joint. Then, 
again, with the exception of one remarkable extinct 
group, reptiles, as a rule, are characterised by the three 
bones of the pelvis remaining distinct from one another 
through life, whereas in all existing birds they are 
welded together. There are likewise differences in 
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regard to the form and structure of the breast-bone and 
sacrum, into the consideration of which it will be un- 


necessary to enter in this work. 


In marked contrast to the general uniformity in out- 


ward appearance and internal structure 
characterising all birds, the various 
groups of reptiles differ widely from 
one another both as regards external 
form and internal structure. FExter- 
nally, a lizard, a snake, and a tortoise 
present the most marked differences in 
general appearance among living 
members of the order; while among 
extinct types there were some which 
walked on their hind limbs alone, after 
the manner of birds, and others in 
which the fore limbs were modified into 
wings and the digits connected by a 
leathery membrane like that of bats. 
Ina typical reptile, such as a lizard 
or crocodile, both pairs of limbs are 
well-developed and of approximately 
equal length, but in snakes all external 


traces of limbs have disappeared ; while in the extinct 
flying-dragons, or pterodactyles, the fore limbs much 
and in many of the so- 


exceed the hind ones in size, 
called dinosaurs, or giant 
extinct land reptiles, the 
excess in size falls to the 
share of the hind pair of 
limbs. In other cases, again, 
the limbs may be modified 
into paddles, adapted for 
progression in the water, as 
in existing turtles, and the 
extinct fish-lizards, orichthy- 
osaurs; the body in the 
latter assuming a somewhat 
fish-like form. In nearly all 
cases reptiles have long and 
well-developed tails, 
although in some of the 
flying-dragons these become 
rudimentary. 

A large number of rep- 
tiles are characterised by 
the development of bony 
plates within the deep layer 
of the skin; such plates, 
which are well-displayed in 


CONICAL 


armadillos among 


mammals. Among 
certain extinct 


dinosaurs these 
bony plates attain 
a development un- 
paralleled at the 
present day, and in 
some they are 
believed to have 
occupied the extra- 
ordinary position 
shown in the 
figure on page 1492. 

Still more re- 
markable differ- 


ences exist with regard to the form and structure of 
the teeth ; which, instead of being, as in the two 
preceding classes, strictly confined to the margins of 
the jaws, may be spread over the entire palate. In 
spite, however, of this diversity of form, the teeth of 


TOOTH OF AN 
UNDER SURFACE OF 


; existing crocodiles, being 
overlain by horny shields, and thus corresponding in 
every respect with those forming the carapace of the 


all living and most extinct reptiles differ from many of 
those of the majority of mammals in that they are 


never implanted in the jaws by two or more roots ; 


BONES OF LEFT SIDE OF PELVIS 


OF CARNIVOROUS DINOSAUR 
z/, ilium; J, pubis; zs, ischium 


EXTINCT 


MENT-LIKE TEETH ON PALATE 


teeth ; 


LEFT SIDE OF SKULL OF A BEAKED FLYING-DRAGON 


a, vacuity in front of eye; 4, socket of eye; c, occipital spine; @, angle of lower jaw; e, extremity 
of upper, and 4, of lower jaw; g, articulation of skull proper with lower jaw ; s, point where the two 


branches of lower jaw diverge 


sent, 
respect. 
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in the front of the jaws ; 
of the extinct flying-dragons were likewise devoid of 
and, as in these forms the horn-covered jaws 


while in no cases are their crowns complicated by the 


presence of infoldings of enamel. The 
simplest type of reptilian tooth is in the 
form of a cone; such conical teeth 
being confined to the margins of the 
jaws, where, as among crocodiles, they 
may be implanted in distinct sockets, 
or, as in the extinct fish-lizards, in an 
open groove. In other cases, as among 
lizards, teeth of the same general type 
may be held by a bony deposit either 
to the summit or to one side of the 
margin of the jaw. In place of the 
one regular replacement characterising 
the anterior teeth of the majority of 
mammals, the teeth of most reptiles 
are replaced irregularly and continu- 
ously throughout life ; the successional 
teeth growing up beneath the bases 
of those in use, and gradually causing 


an absorption of their reats. 
When teeth are distributed over the whole or a 
greater portion of the palate, they generally assume a 


more or less flattened and 
bean-like shape, so as to 
form a kind of pavement 
in the mouth, as shown in 
the accompanying figure of 
the under surface of the 
skull of the extinct Cyamo- 
dus. Between conical and 
pavement-like teeth there 
are various intermediate 
grades, some of which will 
be referred to in the sequel. 
It is, however, by no means 
all members of the class 
that are provided with 
teeth ; tortoises and turtles 
being living examples of the 
total loss of these organs, 
and the consequent conver- 
sion of the jaws into horn- 
clad beaks. Some of the 
fish-lizards had only a few 
rudimentary teeth remaining 
and certain representatives 


were long ‘and 
narrow, the resem- 
blance to the beak 
of a bird becomes 
most marked. Re- 
semblances of this 


s 


nature are, how- 
ever, purely adap- 
tive 4 pare 
features on which 


they are based have 
been acquired inde- 
pendently in birds 
and reptiles. 

It has been stated 
that the vertebre 


of reptiles never articulate by means of those saddle- 
shaped surfaces so characteristic of birds. 
however, 


They pre- 
great diversity of structure in this 


In some cases, for instance, as in fish-lizards, 
the bodies, or centra, of the vertebra are very short 


REP TILES 


from front to back, and have concave surfaces both in 
front and behind for mutual articulation. In marked 
contrast to this type are the neck-vertebre of a dinosaur, 
where the anterior end of the body of each vertebra 
forms a convex knob (b), received into a cup at the 
posterior end of the 
vertebra in advance. | 

In other instances, 
as in the existing | 
crocodiles and | 
lizards, an arrange- 
ment precisely the 
reverse of the last 
is present—that is to 
say, the ball is at the 
hind end, and the 
cup at the front of 
Bie wmOOd yor | the 
vertebra. In a few 
lizards and in all 
snakes the vertebre 
are further compli- 
cated by the develop- 
ment of additional articular facets, taking the form of 
wedge-like projections from one vertebra received 
into cavern-like excavations in the adjacent one. 

Omitting mention of certain 
features connected with their os- Ss 
teology, it may be observed that, | 
while among those existing rep- 
tiles furnished with four or five | 
toes to each foot, some, like ordin- | 
ary tortoises, have the same num- 
ber of joints in each toe as mam- 
mals—that is to say, two in the 
first toe, and three in each of 
the others—in the great ma- 
jority there is a departure 
from this simple arrangement. 
In the lizards, for instance, the 
number of joints in the toes 
(reckoning from the first to the 
Hit eCIPIt)ise2z..3, 45,5 Im -the 
fore limb, and 2, 3, 4, 5, 4 in the 
hind limb; while in crocodiles, where there are only 
four toes in the latter, the numbers are respectively 
2, 3, 4, 4, 3, and 2, 3, 4, 4. In this increasing number 
of joints in the toes from the first to the fourth, 
such reptiles approximate to birds. 

As regards their soft internal parts, | 
reptiles are characterised by the low | 
development of their brains; which, in é 
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conjunction with their cold blood, 
accounts for the generally sluggish move- 
ments of their existing representatives. 
With the exception of crocodiles, reptiles | 
differ from birds in that the heart has | 
only three, in place of four, complete | 
chambers, thus causing the freshly oxy- 
genated blood returning from the lungs 
to be mixed with the effete blood which 
has traversed the body; and even in 
crocodiles, where the heart has practically 
four chambers, the fresh and _ effete 
blood is partially mingled, owing to a 
communication between the vessels just 
outside the heart. The corpuscles of the 
blood are oval in shape, and furnished 
with a central nucleus. Like birds, reptiles never have 
a midriff completely separating the cavity of the chest 
from that of the abdomen. 

In all reptiles the tail passes more or less impercep- 
tibly into the body, of which it seems an integral part ; 
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FRONT AND BACK VIEWS OF VERTEBRA OF SNAKE 
27, indicates the additional articular process, which is received into cavity 22 ! 


SIDE AND FRONT VIEWS OF BODY OF VERTE- 
BRA OF FISH-LIZARD 
aand 4, attachment of ribs 


LEFT-SIDE VIEW OF NECK of 
VERTEBRA OF A DINOSAUR 


6, anterior ball 


and although this feature is perceptible in some of the 
lower types of mammals, it has completely disappeared 
in such of the higher forms as retain the tail, in which 
that appendage is sharply marked off from the body. 
A fish-like character is displayed among reptiles in the 
presence of powerful 
longitudinal muscles in 
the back and tail; 
these largely aiding 
| the limbs, of which the 
i) eieet are: sshortibemb, 
| and flattened. Modern 
reptiles do not walk or 
run in the manner char- 
| acteristic of mammals 
i re Gywem lies. Ow 
| the contrary, they pro- 
| gress by means of swift 
' rushes ofshort duration, 

after each of which 

they stop to look about 

them, even if they do 

not immediately re- 
quire a more or less lengthened period of repose. 
Neither the form and structure of the limbs themselves 
nor the manner in which the weight of the body is 

a superimposed upon them is, in- 

deed, for sustained speed, and the 
short periods of extreme and 
violent activity are always suc- 
céeded sooner or later by periods 
| of inaction and semi-torpor. 
Very characteristic of certain 
| groups of modern reptiles is the 
“| tendency to a reduction, or even 
complete loss, of the limbs; and 
it is highly noteworthy that 
extreme reduction in this respect 
has been attained in groups as 
| distinct from one another as are 
. slow-worms and snakes. And not 
only so, for even among lizards 
the loss of the limbs has taken 
place independently in at least 
two different families. In a sense, this loss of the 
limbs is a degradation, although, for the needs of 
their particular mode of life, snakes are some of the 
most perfectly organised of all animals. 

Some, at least, of the giant land reptiles 
of the Secondary geological period walked, 
| however, more in the manner characteristic 
/ of mammals and birds; while others had 

; wings capable of carrying them in the 

{ air; and others, again, had their limbs 

modified into paddles in whale-fashion 
4% (with the exception—in many cases, at 

} any rate—that the hind pair was retained), 
and vied in speed with the fishes in their 
own element. Reptiles were, in fact, at 
that epoch of the earth’s history the 
dominant animals of the world, taking the 
place now held by the larger mammals on 
land, the birds in the air (although there 
were a few contemporary representatives 
this order), and the whales and 
porpoises in the ocean. In the matter 
of bodily size many of the early giant 
land reptiles far exceeded any other 
creatures that have ever walked this earth. But 
small brains of feeble capacity were unfitted to enable 
their owners to maintain their status when creatures of 
a higher grade or organisation appeared in force on the 
field ; and as surely as crossbows and pikes weie bound 
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to be driven out of the field and replaced by 12-inch 
guns and express rifles when once gunpowder made 
its appearance, the great hulking reptiles of the middle 
period of the earth’s history were doomed to extinction 
so soon as mammals and birds became forces to be 
reckoned with. 

Reptiles having come into existence at an earlier 
period than either mammals or birds, and attaining an 
enormous development during epochs when both those 
groups were but feebly represented, have, in fact, 
suffered to a much greater extent by the extinction of 
types with the lapse of time. This will be made 
apparent by the statement that while the number of 
existing orders of reptiles is but four (of which one is 
represented by a single species) extinct types include 
at least seven orders. 

As regards the serial arrangement of the various 
orders of reptiles, it has of late years become 
more and more evident that the remarkable extinct 
anomodonts of the equivalent of the Triassic epoch in 
Africa and elsewhere differ very widely from all other 
reptiles, and approach mammals, of which they were 
undoubtedly the ancestors. Bearing this in mind, 
reptiles may be divided into two brigades, the one in- 
cluding the anomodonts and their immediate relatives, 
and the other all the rest. The former brigade is termed 
mammal-like reptiles, and the latter (from which birds 
took their origin) bird-like reptiles. In _ technical 
language these two brigades are respectively known as 
the Theromorpha and the Ornithomorpha. 


CLASSIFICATION OF REPTILIA 
Extinct Groups are marked with a + 
ORDER SUBORDER 
r Eusuchia 
“¢ : eee , 2 tAétosauria 
\3 +Parasuchia 
4 3 ‘I Theropoda 
Il. ig “Seely BS si | 2 Sauropoda 
eS (3  Ornithopoda 
III. tORNITHOSAURIA 


Pterodactyles 

jt +Protorosauria 

2 Khynchocephalia Vera 
3 tAcrosauria 


IV. RHYNCHOCEPHALIA 
Tuateras 


J, +PELYCOSAURIA 

‘I Lacertilia 

| 2 Rhiptoglossa 
3. Ophidia 

4 tDolichosauria 


_*°5 TPythonomorpha 


Vl SSOUAMATA 5) os * 
Snakes and Lizards 


Bird-like Groups 
EAS 
< 


VIL. tleHtTHYOPTERYGIA 
Ichthyosaurs 


VIII. tSAUROPTERYGIA 
P Plesiosaurs 
rit Cryptodira 
IX. CHELONIA a =e | 2 Pleurodira 
_ Tortoises & Turtles | 3 tAmphichelydia 
5 4 Trionychoidia 


X. TPLACODONTIA 
Piacodus 


<I. TANOMODONTIA 


Anomodonts nt 


ie Dicynodontia 
2 Theriodontia 


3. Cotylosauria 
4 Pariasauria 


Mammal- 
like Group 
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Of these groups, by far the most numerously repre- 
sented at the present day is the one containing “the 
lizards and snakes, all of which are highly specialised, 
although, in the case of the latter degraded types, 
occupying a position in the class analogous to that held 
by the perching birds in the preceding class; the 
majority being comparatively small or medium-sized 
forms. Next in point of numbers come the tortoises 
and turtles, all of which are protected by the presence 
of a bony shell, or carapace, and some of which attain 
very large dimensions. The third numerical position 


in the reptilian fauna of the present day is held by the 
crocodiles, of which there are some twenty-four species, 
all of relatively large size, and all more or less aquatic 
in their habits. The fourth existing order is now 
represented only by the lizard-like New Zealand 
tuatera, although in past times there were a host of 
allied forms. 

Of the extinct orders, the whole, or nearly the whole, 
of their representatives ceased to exist with the close 
of the Secondary period—that is to say, soon after the 
deposition of the Chalk, and previous to that of the 
overlying London Clay. During that long period, or 
‘world of reptiles,’’ the class attained a development 
which it never equalled before or since. With regard 
to the past distribution of the four existing orders, it 
may be mentioned that the lizards and snakes, with 
the exception of two extinct suborders, are practi- 
cally unknown before the beginning of the Tertiary 
period—that is to say, until after the deposition of the 
Chalk, so that they may be regarded as essentially the 
reptiles of the present day, when they attain their 
maximum development. 

The tortoises and turtles, although a much more 
ancient group, having &Xisted throughout the Secondary 
period, are, however, still at or about their zenith. 
But the case is very different with the crocodiles, 
which were represented during the Secondary period 
by a host of forms quite unlike those of the present day, 
and probably more numerous in species than their 
existing representatives. Many of the extinct croco- 
diles also exceeded any of the living forms in point of 
size. Still more markedly is this diminution noticeable 
in the case of the tuateras, in which, as already stated, 
a solitary survivor in the Antipodes represents a group 
once abundant and widely distributed. 

As regards the present distribution of the class, it 
may be observed that while no existing reptiles are 
denizens of the air, only the turtles and sea-snakes and 
the Galapagos sea-iguana are habitual inhabitants of 
the ocean. Of the terrestrial and fresh-water forms, 
it has been found that the distribution does not coincide 
very closely with that of mammals and birds, so that 
the zoological regions into which the globe has been 
mapped out from the geographical distribution of the 
latter scarcely hold good for reptiles. This discrepancy 
may, no doubt, be to a considerable extent explained 
by the very early period at which certain groups of 
the class, such as crocodiles and tortoises, spread them- 
selves over the surface of the globe. 

The dispersive powers of reptiles in general are but 
limited. All of them, writes Dr. A. Gunther, ‘are 
much specialised in their mode of life and propagation, 
and ill-adapted to accommodate themselves to a 
change of external conditions. As air-breathing, cold- 
blooded animals they are unable to withstand pro- 
longed cold ; they are therefore entirely absent in the 
Arctic and Antarctic zones; and such as escape the 
effects of the winter months in temperate zones by 
passing them in a torpid condition in well-sheltered 
places are not peculiarly organised forms, but offshoots 
from those inhabiting warmer climes. The tropical 
and subtropical zones are the real home of the reptilian 
type, which has there reached its greatest development 
as regards size and variety of forms. In the north, 
chelonians advance only to 50° latitude in the Western 
and to 56° in the Eastern Hemisphere ; lizards to 
about 56° in British Columbia, and close to the Arctic 
Circle in Europe ; while snakes disappear some degrees 
before the lizards. Also in the south, lizards extend 
into higher latitudes than snakes, namely, to the 
Straits of Magellan, whilst the latter do not seem to 
have advanced beyond 40° south latitude, and chelo- 
nians to 36°.” 
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Of the various zoological regions into which the 
globe has been divided, the Oriental or Indian region 
is characterised by the number of fresh-water soft 
tortoises and S-necked tortoises, land-tortoises being 
scarce. Crocodiles, inclusive of the characteristic 
long-necked gharials, are numerous, as are lizards and 
snakes—especially pythons. Africa is comparatively 
poorly off for reptiles, although characterised by its 
numerous land tortoises, soft tortoises, and side-necked 
tortoises ; crocodiles being represented only by mem- 
bers of the typical genus, while lizards and snakes are 
‘comparatively numerous. Among the lizards, monitors 
and, among the snakes, pythons are common to the 
Oriental and African regions, while half of the exclu- 
sively Old World group of chameleons is African. 
Madagascar is even more remarkable for the number 
of its chameleons; its land and side-necked tortoises 
are numerous, although soft tortoises, as in South 
America, are absent; there is one crocodile; and 
among the lizards the South American group of iguanas 
is represented; while the snakes, among which none is 
poisonous, are also of a South American type. 


alligator; while fresh-water S-necked tortoises, as 
well as soft tortoises, replace the side-necked tortoises 
of the southern half of the continent. The snapping- 
tortoises (Chelydvid@) are also mainly characteristic of 
this region, although one genus ranges so far south as 
Ecuador. As regards its lizards and snakes, this 
region presents the same relation to the preceding as 
is held by Northern Europe and Asia to the Oriental 
and African regions. Lastly, New Zealand stands 
apart from all other countries in possessing the remark- 
able tuatera, in addition to which its only reptiles are 
skinks and geckos. 

Hard pressed by the competition of mammals, 
reptiles have sought to protect themselves in various 
ways. Crocodiles and alligators, in addition to their 


large bodily size, powerful teeth, and aquatic habits, 
have their bodies protected by a panoply of bony plates, 
covered with horny shields. Tortoises and turtles have 
a still more solid and inpenetrable cuirass, into which 
many of the land forms are able to withdraw the head, 
tail, and limbs, and even to shut them completely in 
by means of bony flaps to the shell. 


Snakes in many 


In the Eastern Holarctic region (that is, say, all 
Northern and Central Europe and Asia) the reptile 
fauna is mainly a mixture of Oriental and African 
types, although there are some peculiar forms. The 
only non-American alligator inhabits Central China. 
In the Australian or tropical Pacific region, exclusive 
of New Zealand, occur side-necked tortoises and a 
crocodile ; while among the lizards there are skinks, 
geckos, monitors, and the so-called agamoids; the 
latter occurring in all the regions above mentioned, 
except Madagascar. Venomous snakes here outnumber 
the harmless ones. 

The tropical and South American region is charac- 
terised by the presence of land and side-necked tor- 
toises, to the exclusion of soft tortoises. Crocodiles 
and caimans are numerous (the latter being character- 
istic) ; while of the abundant lizards the majority are 
iguanas, the true lizards (Lacertide) of the Old World 
being replaced by the tejus (Tez¢d@) ; snakes are also 
numerous, among them being rattlesnakes and boas. 

In the Western Holarctic, or North American, region 
there are no caimans, their place being taken by one 
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cases rely on their threatening attitudes and their 
hissing voice; but many of them are armed with the 
most formidable and fatal of all weapons in the animal 
kingdom-—namely, their poison-fangs and venom. 

Other snakes, as well as some lizards, have assumed 
the torm and appearance of large earthworms; while 
others, again, are arboreal or aquatic, and some even 
marine. Pythons and boa-constrictors, on the other 
hand, are among those which have assumed the offen- 
sive, and rely for safety, as well as for food, on the 
crushing force of their loathsome coils. Lizards 
conceal themselves to a great extent in holes and 
crannies, although some are arboreal; while others—the 
geckos—are enabled to cling to walls, roofs, and cliffs 
by the action of suctorial discs attached to their 
toes. 

To the human race reptiles are of comparatively 
sinall value, although the chelonian order is the sole 
source of turtle-soup and tortoiseshell ; while crocodiles 
and the monitor-lizards afford good and ornamental 
leather, and turtles’ eggs are extensively used as a 
source of oil. 
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GENERAL CHARACTERISTICS OF CROCODILES 


TH living crocodiles, among which may be included 

in a general sense not only the reptiles to which 
that name more properly belongs, but likewise those 
commonly designated alligators, caimans, and gharials, 
are the only existing representatives of three orders, 
which comprise among their members not only the 
most highly organised of all reptiles, and those which 
approach nearest in their structure to birds, but like- 
wise the largest of all terrestrial reptiles, as, indeed, in 
the case of the dinosaurs, of any land animals. 

Although these three orders possess many character- 
istics in common, it will be more convenient to 
describe the leading features of each separately, in 
the course of which their common attributes will be 
pointed out. 

Sluggish in disposition, hideous in form, and huge 
in size, crocodiles alone among existing reptiles serve 
in some measure to recall the giant saurians with 
which the earth was peopled during earlier periods of 
its existence. In addition to their large bodily size, 
crocodiles are characterised by the lizard-like form 
of their bodies, which are supported on short limbs, 
and carried close to the ground. The long and power- 
ful tail is much compressed from side to side, so as to 
be an efficient propeller in swimming ; its superficial 
extent being increased by a vertical longitudinal crest 
on its upper surface formed of a double series of horny 
lobes in the basal half, beyond which it is single. 
The head terminates in a flattened snout of variable 
length, and is attached to the body by a short, 
although muscular, neck, and the bulky body is 
much depressed. The toes are more or less fully 
webbed. 

Externally the back, tail, and under parts of these 
reptiles are protected by an armour of quadrangular 
horny shields of varying size, which are arranged in 
longitudinal and transverse rows, and are in contact 
with one another by their edges. In the region of the 
back, and sometimes also on the under surface of the 
body, these horny shields are underlain by a 
corresponding series of pitted or honey-combed bony 
plates. 

In the region of the neck, among existing members 
of the order, these bony plates are often irregular in 
form, and vary in number, but on the back they are 
always quadrangular and broader than long, with a 
well-marked longitudinal ridge down the middle. 
Such plates form a considerable number of longi- 
tudinal rows; each plate articulating by its edges 
with those on either side, while those of each trans- 
verse row Overlap the ones immediately behind them. 
When a bony shield is developed on the under surface 
of the body, the number of longitudinal rows of plates 
in the existing members of the group is always more 


than eight ; the transverse rows of plates overlapping, 
and each plate being composed of two distinct pieces 
united together by suture. 

The limbs are provided with five toes in front and 
four behind, and the three innermost digits in each 
foot are furnished with claws. In all crocodiles, 
whether living or extinct, the conical teeth, which may 
be of very large size, are confined to the margins of 
the jaws, where they are implanted in distinct sockets ; 
while those in use are continually being replaced by 
fresh ones growing up from beneath the old ones, 
and gradually absorbing their roots. These reptiles 
are further characterised by the nostrils opening at 
the extremity of the snout—which may be either 
short or long—and by the ears being provided with 
movable lids. 

Such are some of tke leading external features of 
these reptiles, and although these suffice to distinguish 
them from the other living members of the class, they 
are insufficient to determine their true affinities. 
Laying stress upon the above-mentioned characters 
of their teeth, the naturalist is accordingly compelled 
to resort to the skeleton and soft internal parts for 
more distinctive characters. As regards the skull, 
all crocodiles are characterised by the quadrate-bone 
(of which the position is indicated in the figure on page 
1469) being firmly united with the adjoining bones ; while 
a further distinctive feature is to be found in the pre- 
sence of two bony bars on the sides of the skull behind 
the socket for the eye, the uppermost of these arches 
being shown immediately below the letter ZT in the 
figure on page 1486, while the lower and more slender 
one forms the backward continuation of the inferior 
margin of the eye-socket. The more anterior ribs 
(which, as in other reptiles, are present in the neck 
as well as in the chest) generally articulate with the 
backbone by means of two distinct heads ; and, while 
collar-bones are wanting, there is a breast-bone and 
likewise an inter-clavicle ; the latter being the median 
bar seen in the lower figure of the illustration on the 
next page. 

A further peculiarity is the presence of seven or 
eight pairs of abdominal ribsin the wallof the abdomen, 
which have no connection with the proper rits, and 
have their angle of union directed forwards. As regards 
the soft parts, the heart differs from that of all other 
living reptiles in having four complete chambers, so 
that the fresh and the impure blood can only mingle 
by means of a communication between the great 
vessels externally to the heart; and there is also an 
incomplete midriff, or diaphragm, dividing the cavity 
of the chest from that of the abdomen; crocodiles in 
these respects being more highly organised than any 
other living reptiles. 


TABLE OF LIVING CROCODILIA MENTIONED IN THIS WORK 


ORDER 
Crocodiles—Crocodilia 
FAMILY 1 
Crocodilidse 
GENUS 1 
Caimans—Caiman 
SPECIES 
Black, or great, caiman ........ Caiman niger 
Broad-nosed caiman .... ....... C, latirostris 
Spectacled caiman...... ......C, sclerops 
C. trigonatus 
C. palpebrosus 
GENUS 2 
Alligators—Alligator 


SPECIES Estuarine crocodile. ................ C. porosus 
@hinese alligator............/ Allizator sinensis A BOT a ye a Aye eee thr oe C. niloticus 
Mississippi alligator ........4 A. mississippiensis Siamese crocodile.............:.6 C, siamensis 
A. helois Sharp-nosed crocodile .......... C, americanus 
GENUS 3 Orinoco crocodile. yo... ee... C. intermedius 
Osteolee mus Johnston’s crocodile ............ C. johnstoni 
SPECIES Long-nosed crocodile ........ C, cataphractus 
Short-nosed crocodile ....Osteole nus tetraspis GENUS 5 
GENUS 4 Rhyachosuchus 
Typical Crocodiles—Crocodilus SPECIES 
SPECIES Malay gharial...... Rhynchosuchus schlegeli 
Magar Wiese ee eis Crocodilus palustris GENUS 6 
C. robustus Garialis 
Cuban: crocodiietee a on... se os C. rhombifer SPECIES 
Guatemala crocodile.............. C.moreleti Indian gharial............ Garialis gangeticus 
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[» addition to the preceding characters, which are 

common to all members of the order, there are 
certain others found only in the existing forms and some 
of their nearest extinct allies. One of the most re- 
markable of these peculiarities is the extremely back- 
ward position of the aperture of the internal nostrils, 
which in the skull, as shown in the figure on page 1469, 
is situated close up to the occiput, this being due to 
the development of special plates by the bones of the 
palate, which grow beneath the nasal passage, where 
they unite in the middle line, so as to form a floor to 
the latter, and thus completely cut it off from the cavity 
of the mouth. As the summit of the windpipe is 
continued upwards into this posterior aperture of the 
nostrils, crocodiles are enabled to breathe while their 
mouths are wide open and filled with water. 

Another distinctive feature of the group, also shown 
in the figure just referred to, is that the socket for the 
eye communicates freely behind with the lower tem- 
poral pit. Then, again, all existing members of the 
order are characterised by the bodies of the vertebre 
having the articular ball behind and the cup in front ; 
while the ribs of the chest are provided with hook-like, 
or uncinate, processes resembling those of birds. In 
the region of the neck the ribs present the peculiarity 
of having the backwardly projecting and overlapping 
processes, which _ Now 
effectually prevent 
these reptiles from 
turning their heads | 
to one side. 

Crocodiles (family 
Crocodilid@) anne. w 
denizens of the 
tropical and sub- 
tropical regions of | 
the globe, and are © 
found in such lati- 
tudes wherever 
there are rivers or | 
fresh-water lakes of | 
sufficient size for 
their mode of life, 
but one of -the (exgeiee 
Wuid:itatie Ss p-¢ Cile:s 
habitually resorts : 
to the sea-coast, where it has been seen floating 
at a considerable distance from the land. All of them 
are excellent swimmers, and mainly propelled when 
in the water by the aid of their powerful tails; the 
limbs being chiefly used when walking at the bottom 
of the water or on shore. When in repose, crocodiles 
lie like logs either in the water or on the banks of the 
lakes or rivers they inhabit; but when in pursuit 
of prey in the water they move with great speed, 
while they are also active on land. The young are, 
however, decidedly nimbler in their movements than 
are the adults. ae 

Exclusively carnivorous in their diet, some members 
of the order feed solely upon fish; while others, in 
addition to fish, prey upon the flesh of all animals that 
come in their way. Adult crocodiles, writes Dr. A. 
Ginther, “‘ attack every large animal which accidentally 
approaches them, and in overpowering it the whole 
of their powerful organisation is called into requisition, 
Seizing the victim between their capacious Jaws, 
and fastening their long, pointed, conical teeth into 
its flesh, they draw it, in one moment, by their weight 
and with a stroke of the tail, below the water and drown 
it. Their gullet is, however, much too narrow to allow 
of the passage of the entire body of the victim ; and 
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their teeth being adapted for seizing and 
fast only, and not for biting, they are obliged 1 O1 
the carcase, tearing off single pieces by sud 
jerks.” This rending process is mainly accomp 
by lateral movements of the head and front p 
of the body. rm 
Too often, human beings who incautiously 
crocodile-haunted waters fall victims to these 
thirsty reptiles; while thcre are instances ofxp 
being seized when merely stooping down to di 
from the river’s marge. When seizel the o 
for an unarmed man to escape is, it is said, ~ 
his fingers into the creature’s eyes and endeé 
gouge them out. To a considerable extent Ci 
are nocturnal in their habits, and during protr 
droughts many of them at least are accus 
bury themselves in the mud where they beco 
As regards their reproduction, crocodiles 
twenty to sixty eggs, of the approximate siz 
of a goose, and invested with a hard, w 
In some cases these are deposited in hollows in 
of river-banks, where, after being covered to a | 
or less depth, they are left to hatch. In the 
the Malagasy species, at any rate, the parent 
in the incubation of the eggs. In that island 


of Septem 
usual 
eggs in a 

varying fr 
twenty to 
The nest 
vated to a. 
about |two 


eggs to roll 
cavities th 
from the 
elevated c 


nest, whic 
noticeable ext 
nally, the parent sleeps; and when the — 
crocodiles are ready for hatching the 
distinct notes, which are heard by the 

even through a layer of two feet of sand. I 
down to the eggs, the parent crocodile lays them o 
to the air, upon which the young reptiles make 
way out by perforating the shell at one 
by the aid of a tooth specially developed for t 
pose, the whole process occupying as much as a cc 
of hours... When hatched, the young crocodil 

led to the water by their parent, whose atte 
they attract by uttering cries, which are, how 
of a lower pitch than those emitted while sti 
egg. In Brazil the black caiman deposits — 
beneath a large heap of brushwood, beside wh: 
female parent keeps guard. E ie 


CAIMANS, OR SOUTH AMERICAN ALLIGAT! 

The existing members of the order are ar 
in half a dozen generic groups, of which, in 
respects, the most specialised are the caimans (Cat 
and alligators, now generally regarded as_ belong! 
to distinct genera. Both caimans and alligators 
characterised by their relatively short and broac 


snouts, in which the edges of the jaws are festoor 
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and the nasal bones extend forwards to the aperture 
of the nostrils—as is shown in the figure on page 1469, 
where the nasals are the paired bones on the upper 
aspect of the skull, of which the narrow points just 
project into the cavity of the nostrils—while the two 
halves of the lower jaw are united in front by a very 
short bony union. 

The stout teeth vary considerably in size in different 
parts of the jaws; the third and ninth in the upper 
jaw, and the fourth, and frequently the first and 
eleventh, in the lower jaw, being generally much larger 


i than the others. In these features caimans and 
, alligators resemble. many typical crocodiles, from 
Swhich they are dis- 
_ftinguished by the cir- 


both the first and the 
fourth tooth on each side 
f ot the lower jaw are 
) received into pits in the 
/ upper jaw, so as to be 


the mouth is closed, while 
he upper teeth bite on 
he outer side of the 
ower. ones. In_ both 
‘groups the number of 
teeth varies from seventeen to.twenty on each 
side of the upper jaw, and from seventeen to twenty- 
two in the lower jaw. 
»..Caimans and alligators are characterised by the 
very small size of the upper temporal pits on the top 


| » cf the skull, or those marked T in the figure on page 


of 


rae ; 
+ 


4 


1469, these pits being in some cases completely obliter- 
ated. Caimans are specially distinguished by the 
aperture of the nostrils not being divided by the 
forward prolongation _- = me 

¢ the nasal bones, by \ 
me presence of a Si 
ongly developed 
bony armour on the 
inferior surface of the 
body, and by the 
bony plates on the 
upper surface being 
articulated together. 
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ROUGH-EYED, OR SPECTACLED, CAIMAN 
of Dr. J. H. C. Connell 


Photo by permission o 


Nearly allied, although of much smaller size, are 
the broad-nosed caiman (C. Jativostris), ranging from 
the Amazon to the Rio de la Plata, and the spectacled 
caiman (C. sclerops) of Central and South America, 
both of which have the upper eyelids rugose, with a 
small horn-like projection, while in the skull the 
socket of the eye does not extend so far forwards. 
Both are uniformly blackish when adult ; but in the 
former the skull is relatively wide, and the number 
of lower teeth ranges from seventeen to eighteen, 
while in the latter the skull is narrower, and the lower 
teeth vary from eighteen to twenty. 

The two remaining species, C. trigonatus and C. 

palpebrosus, are still 

smaller, and characterised 
by the colour of the upper 
parts being yellowish 
brown, spotted and barred 
with black; while the 
upper eyelid is completely 
bony, the skull has no 
upper temporal pits, there 
are only four teeth in 
each premaxillary bone, 
“rand the number of lower 
teeth is from twenty to 
twenty-two on each side. 
In the spectacled caiman the eyes are of a gleaming 
red. 

On the Amazon and Orinoco, as well as other South 
American rivers, Caimans are to be met with in myriads, 
and appear to be very similar in their habits to the 
crocodiles of the Old World. Writing of the great 
caiman, the jacare-uassu of the natives, Mr. Bates 
observes that “it grows to a length of eighteen or 
twenty feet, and attains an enormous bulk. Like the 
turtles, the alligator 
has its annual migra- 
tions, for it retreats 
to the interior pools 
and flooded forests 
in the dry _ season. 
During the months of 
high water, therefore, 
scarcely a single in- 
dividual is to be seen 


4 m the black caiman in the main river. In 
the bony armour also the middle part of 

As} forms sheaths for the the Lower Amazon, 
a lla) limbs. about Obydos and 
, Caimans, or jacares, Villa Nova, where 
as they are called by many of the lakes 

| the natives of Brazil, with their channels 

are restricted to of communication with 

; Central and South the trunk stream dry 
America, where they up in the fine months, 
op—4 are represented — by the alligator buries 
five species. The itself in the mud and 

largest and at the becomes dormant 
same time the best sleeping till the rainy 

known of these is the season returns. On 

__ black, or great, caiman ——— —S the Upper Amazon 

: ore (C. niger), from | the SPECTACLED CAIMANS IN A RIVER where the dry season 
rivers ot tropical is never excessive, it 

South America eastwards of the Andes, which has not this habit. It is scarcely exaggerating to say 

takes its name from the black of the upper that the waters of the Solimoens are as well stocked 


surface of the body, the under parts being yellow. 
This species, which generally attains a length of 
about 14 feet, is characterised by its partially bony 
and flat upper eyelids, the presence of upper temporal 
pits in the skull, and by the number of teeth in each 
premaxillary. or anterior upper jawbone, being five 
and the number of lower teeth seventeen or eighteen. 


with large alligators as a ditch in England is in summer 
with tadpoles.” 

By the natives of these regions the caiman is at 
once despised and feared, Mr. Bates relating that on 
one occasion he saw a party boldly enter the water 
and pull to the shore one of these large reptiles by its 
tail, while at another time two medium-sized specimens 
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ALLIGATORS 


BLACK CAIMANS AT HOME 


that had been captured in a net were coolly returned 
to the water hard by where a couple of children were 
playing. Sometimes, however, they have to pay 
dearly for such temerity. The Macusi Indians of 
Guiana capture the caiman by means of a baited 
hook and line, the former being composed of several 
pieces of wood, which becomes fixed in the creature’s 
jaws. Charles Waterton has given an amusing account 
of his ride on the back of a caiman caught in this 
manner, and the feat has been repeated elsewhere. 
The eggs of the great caiman, ore 
which are about the size of 
those of a turkey, and, as 
already mentioned, de- 
posited in a heap of dead 
bushes, are much sought 
after as food by the natives 
of Dutch Guiana. 


ALLIGATORS 


The early European ex- 
plorers of South America on 
meeting with a_ gigantic 
lizard-like reptile naturally 
applied to it the name of 
una lagarvta, which is the 
Spanish term for a lizard, 
and this as naturally became in course of time corrupted 
into alligator. It would appear, indeed, that this name 
was first given to the caiman, to which in strict propriety 
it should therefore belong, but now, by the common 
consent of naturalists, it is taken as the special designa- 
tion of the members of the present genus (Alligator). 

True alligators, as thus restricted, are represented 
by onespecies from North America, and by a second from 
the Yang-tsi-Kiang in China ; although there appears to 
be a third and imperfectly known species, of hich 


YOUNG ALLIGATOR’S OPEN JAWS 


Photo, S. C. Johnson 


the habitat is as yet undetermined. Alligators differ 
from caimans merely by the forward prolongation of 
the nasal bones of the skull, so as to divide the aperture 
of the nostrils into two equal moieties, by the want 
of articulation between the bony plates of the back, 
and the absence or extreme thinness of those on the 
lower surface of the body. 

Curiously enough, the Chinese alligator (4. sinensis), 
which is a comparatively small species, is the one 
coming nearest in structure to the caimans; this 
— approximation being shown 
by the great development 
of bone in the upper eyelids 
and the presence of thin 
bony plates on the lower 
surface of the body. The 
latter are, however, placed 
wide apart, without any 
mutual articulation or over- 
lapping. In this species the 
front toes are free, the 
number of plates on the neck 
is usually six, although they 
may be reduced to four, 
while generally there are 
only six plates in the widest 
of the transverse rows on the 
back. The number of teeth in the upper jaw is seven- 
teen or eighteen, against eighteen or nineteen in the 
lower jaw. In colour the upper parts are greenish 
black, speckled and streaked with yellow, while the 
under parts are greyish. 

In the much larger Mississippi alligator (A. missis- 
sippiensis), of which the dimensions exceed those of 
the great caiman, the front toes are webbed, there 
are only four plates on the neck, but always eight 
plates in the widest of the transverse rows of the back. 
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There are nineteen or twenty teeth on each side of 
both jaws; and in the adult the colour is dark green 
or blackish above, and yellowish below. The range 
of this species embraces the south-eastern United 
States, from the Rio Grande to North Carolina. The 
third species (A. helovs) is a small one, distinguished by 
the slight compression of the tail, which is scarcely 
crested. 

Information concerning the Chinese alligator, which 
was first made known to science in 1879, 1n the living 
state appears to be mainly or entirely derived from 
specimens exhibited in the menageries of Europe, and 
the accounts of the mode of life of the Mississippi 
species are by no means so full as is desirable. It 
appears, however, that the latter spends~the greater 
part of its time in the water. where its main diet is 
formed by fish, although it will seize and drag down 
such sheep, goats, dogs, deer, or horses as, when drinking, 
come within reach of its terrible jaws. 

During flood-time, when many of the lowlands are 
under water, the alligators leave the rivers to feed.on 
the fish which abound in the flooded districts, returning 
to their old quarters with the subsidence of the inun- 
dations. Tosuch flooded 
lowlands, writes’ the 
great American natural- 
ist Audubon, “in the 
early part of autumn, 
when the heat of a 
southern sun has evap- 
orated much of the 
water, the squatter, the 
hunter, and the planter 
all go in search of sport. 
The lakes then are about 
two feet deep, having a 
fineisandy bottom. The 
long, narrow Indian 
canoe, kept to hunt 
these lakes, and taken 
into them during the 
freshet, issoon launched ; 
and the party seated in 
the bottom is paddled 
or poled to look for 
water-game. Then, on 
a.sudden, hundreds of 
alligators are seen dis- 
persed all over the lake; 
their heads and all the 
upper parts of their body floating like alog, and in many 
instances so resembling one that it requires to be 
accustomed to see them to know thedistinction. Millions 
of the large wood-ibis are seen wading through the water, 
muddying it up, and striking deadly blows with their 
bills on the fish therein. It is then that you see and 
hear the alligator at his work. Each lake has a spot 
deeper than the rest, rendered so by these animals 
who work at it, and always:situated at the lower end 
of the lake.” 

By this means a supply of water is ensured ; and in 
these so-called alligators’ holes the reptiles may be 
seen congregating in hundreds. ‘The fish, that are 
already dying by thousands through the insufferable 
heat and stench of the water, and the wounds of the 
different winged enemies constantly in pursuit of 
them, resort to the alligators’ hole to receive refresh- 
ment, with a hope of finding security also, and follow 
down the little current flowing through the connecting 
sluices ; but no! for, as the water recedes in the lake, 
they are here confined. The alligators thrash them, 
and devour them whenever they feel hungry, while 
the ibis destroys all that make towards the shore. 
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CROCODILE EMERGING 


FROM 
Photo, H. C. White Co, 


By looking attentively on this spot, you plainly see 
the tails of the alligators moving to and fro, splashing, 
and now and then, when missing a fish, throwing it 
up in the air. The hunter marks one of the eyes of 
the largest alligators, and as the hair-trigger is touched 
the alligator dies. Should the ball strike one inch 
astray from the eye, the animal flounces, rolls over 
and over, beating furiously about him with his tail, 
frightening all his companions, who sink immediately, 
whilst the fishes, like blades of burnished metal, leap 
in all directions out of the water. so terrified are they 
at this uproar.” 

During the pairing season, which takes place in the 
spring, the males resort to land, and are but seldom 
seen ; while a short time afterwards the female deposits 
her hard white eggs, which are said at times to be 
upwards of one hundred in number. The nest in 
which the eggs are laid is generally placed among 
bushes or reeds, at a distance of fifty or sixty yards 
from the water’s edge, the eggs themselves being 
carefully covered with leaves and other vegetable 
matter. The heat engendered by the decomposition 
of the latter aids in the hatching of the eggs, and when 
_ _ the young appear they 

$  € are conducted to the 

5 water by the mother, 

who has all the time 

remained on guard near 
the nest (page 1473). 


DOUBLE-TUSKED 
ALLIGATORS 


In the middle and 
lower Tertiary deposits 
of both Europe and the 
United States the present 
group was represented 
by certain extinct alli- 
gators (Diplocynodon) 
characterised by the 
presence. of a bony 
armour on the lower 
surface of the body, 
coupled with the circum- 
stance that the fourth 
tooth of the lower jaw 
was generally received 
into a notch in the side 
of the skull, while the 
third lower tooth was much enlarged as. the 
fourth. Some of these double-tusked alligators 
had short snouts, like their existing allies ; but in one 
from the London Clay this part of the skull was much 
produced as in many crocodiles. 


SHORT-NOSED CROCODILE 

A small and short-nosed crocodile (Osteolemus 
letvaspis) from West Africa, in the neighbourhood of 
Sierra Leone, where it was discovered by the French 
explorer Du Chaillu, presents much the same relation- 
ship to the typical crocodiles as is held by alligators to 
caimans. The arrangement of the teeth is, for in- 
stance, similar to that obtaining in the typical eroco- 
diles, but the nasal bones extend forwards to divide 
the cavity of the nostrils into two halves. Moreover, 
the upper eyelids are largely bony, while there are 
detached bony plates on the lower surface of the body 
as well as on the throat. 

The shield of the neck is distinct from that of the 
back, and composed of two or three pairs of plates, of 
which the anterior ones are very large ; while that of 
the back comprises seventeen transverse rows of 
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plates, the broadest row including six of such plates. 
The ridges on the plates of the neck are strongly 
marked, but become very obscure in the two middle 
rows of the back. The fore toes have only rudimentary 
webs, although those of the hind limbs are webbed for 
about half their length. 

With the exception of parts of the head, tail, and 
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SHORT-NOSED 


CROCODILE 


back, which are light brown with black markings, 
the colour of the adult is uniform blackish brown. 
Young specimens are, however, yellowish brown, 
spotted with black above, and with bars ef the same 
on the body and tail ; while the lower armour is black 
and yellow. Practically nothing is known as to the 
habits of this peculiar species, which are, however, 
probably very similar to those of — 
its allies. 


CROCODILES 
The typical crocodiles (Crocodilus) 


comprise rather less than a dozen 
species, ranging over Africa, 


Southern Asia, Northern Australia, 
and Tropical America. Having no 
bony armour on the lower surface 
of the body, they are distinguished 
from caimans and alligators by the 
interlocking of the upper and lower 
teeth, and by the fourth lower tooth 
being usually received into a notch 
on the side of the upper jaw, so as 
to be partially visible when the 
mouth is closed, while the number 
of teeth varies from seventeen to 
nineteen on each side of the upper 
jaw, and fifteen in the lower. 

From the short-nosed crocodile 
they are distinguished by the 
aperture of the nostrils in the skull 
not being divided by the forward 
prolongation of the nasal bones. 
While some of the species resemble 
alligators in their broad and short 
snouts, others have elongated, 
narrow muzzles, approaching those 
of gharials; but as there is an almost complete 
gradation from the one type of crocodile to the 
other, this affords no ground for generic distinction, 
so that the most that can be done is to arrange 
them in groups. 


MAGAR, OR INDIAN CROCODILE 


Commonly known to the natives of India as the 
magar, and misnamed alligator by Anglo-Indians, the 
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Indian crocodile (C. palustris) is the best-known 
representative of a group of four species which in 
their broad and short snouts make the nearest ap- 
proach to caimans and alligators. In all these species 
the length of the snout does not exceed one and 
a half times its basal width; the bony union 
between the two branches of the lower jaw does not 

extend behind the level of the fourth 
tooth; while on the palate 
the line of union between the anterior 
and main jawbones (premaxille and 
maxilla) extends nearly straight across 
the skull, as shown in the figure on 
page 1469. 

The Indian crocodile has no bony 
ridges on the snout, there are usually 
four longitudinal rows of bony plates on 
the back, and five teeth in each anterior 
upper jawbone, or premaxilla. An allied 
species (C. vobustus) from the interior of 
Madagascar differs by having six longi- 
tudinal rows of plates on the back; 
while the Cukan crocodile (C. rhombifer), 
of Centrals,America, and a_ nearly 
related species, C. moreleti, from Guate- 
mala are distinguished by having a 
more or less distinct oblique ridge in 
front of the eye. The habitat of the Indian crocodile 
includes India, Ceylon, Burma, and the Malay 
Peninsula and Islands, its most westerly range 
being Sind and Baluchistan. Inhabiting rivers, lakes, 
and marshes, it appears to be an exclusively fresh- 
water species, never venturing into estuaries. As 


to the dimensions attained by this species there is 


ESTUARINE CROCODILE 


some uncertainty, although it is probable that 
at the present day specimens seldom grow to 
the size that was reached before firearms were 
common. Nowadays from 12 to 14 feet appears to 
be a large size for this species, but a length of 18 feet 
has been recorded, while skulls in the Calcutta Museum 
seem to indicate still larger individuals. Definite 
information as to the length to which this big 
crocodile will grow is, however, still lacking. 
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A nearly allied extinct species has left its remains 
in the Siwalik Hills of Northern India. Swarming in 
most of the rivers and marshes of India, except where 
the current is too swift, the Indian crocodile is stated 
to be less ferocious than the species next mentioned, 
generally preying on the smaller animals, and not 
infrequently dragging down a wounded or dead bird 
before the eyes of the gunner. When the waters they 
frequent become dried up, these crocodiles either travel 


TIMSA, OR NILE CROCODILE 


across country by night to another lake or river or 
bury themselves in the mud. 


ESTUARINE CROCODILE 


Resembling its compatriot in its pale olive colour, 
conspicuously spotted with black, the estuarine 
crocodile (C. porosus) of India and other Eastern 
countries may be at once distinguished by its longer 
and more slender snout, as well as by the presence of 
only four teeth in each anterior jawbone, or premaxilla, 
of the adult. It belongs, indeed, to a group of four 
species differing from the preceding assemblage in that 
the length of the snout varies from rather more than 
one and a half to just over twice its basal width ; and 
also by the line of union between the anterior and 
main jawbones running in a V-shape up the palate. 
The presence of a large ridge running down the skull 
in front of the eye serves to distinguish this species 
not only from all the other members of the group, but 
likewise from the Indian crocodile. , 

The present species generally, if not invariably, 
inhabits the tidal portions of rivers, whence it descends 
to the sea, where it has been observed floating at 
considerable distances from land. These estuarine 
and partially marine habits will readily account for 
the wide geographical distribution of this crocodile, 


which ranges from India to Australia. Unknown on 
the western coast of India, the estuarine crocodile is 
abundant in the lower courses of the rivers of Bengal 
and other parts of the eastern side of India, as well as 
in Ceylon and Burma, whence it extends eastwards to 
Southern China, Northern Australia, and the islands 
of the Solomon and Fiji groups. In point of size it 
probably surpasses all other species,. one specimen 
being recorded which reached the enormous length of 
Bemees. 

In correspondence with its 

gigantic size, this crocodile 
appears to be one of the 
most formidable members of 
its kind, being exceedingly 
prone to attack human 
beings, more especially in 
the breeding season, which 
takes place during June and 
July, when it is stated to 
attack such small boats as 
may cross its haunts. Owing 
to their depredations, these 
» crocodiles are cordially de- 
x tested.as well as feared by 
‘ the natives of India, and at 
Dacca, on the north of the 
Bay of Bengal, 
crocodile-hunting is 
pursued as a _ pro- 
fession. 

The following ac- 
count of the pursuit 
of one of these 
monsters, which had 
recently carried off a 
boy, is abridged from 
an Indian  news- 
paper: ‘* The hunter, 
Ses having been sum- 
ie es igs by moned, moored his 

: ie canoe hard by the 

A place where the 
tragedy had taken 

~ place, it being well 
known that a croco- 

dile which has been 
successful in securing a victim will generally remain for 
some days about the spot. Soon the crocodile was 
descried floating on the water, whereupon the hunter and 
assistant hid themselves in the canoe, while the son of 
the former entered the water, which he began to 
beat with his hands. Catching sight of the boy, the 
crocodile prepared to dive towards him, upon which 
the boy took refuge in the canoe. In a moment or so 
the reptile rose to the surface at the expected spot, 
where it was saluted with a couple of harpoons, one of 
which secured a firm hold. After a long chase, in 
which a number of the inhabitants of the village took 
part in boats, a second harpoon was safely planted in the 
head of the monster, which was finally dragged to shore. 
When opened, several gold and silver ornaments—the 
relics of earlier victims—were found in his stomach.” 

In Ceylon crocodiles are frequently captured by 
means of a hook and line, laid overnight in the water 
and made fast, in the native fashion, by a bunch of 
fine cords. These cords, becoming fixed between the 
interstices of the reptile’s teeth, are safe from being 
bitten through, and in the morning the captive is 
dragged ashore and despatched. When thus cap- 


tured, crocodiles emit a disagreeable musky smell, 
due to the secretion of a pair of glands in the 
lower jaw. 
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THE TIMSA 

Formerly inhabiting the Nile from its mouth to its 
source, the timsa, or Nile crocodile (C. niloticus), 
owing +o the invasion of its haunts by steam vessels 
and the introduction of rifles, has now well-nigh 
disappeared from Egypt, even as far back as the year 
1870 being but rarely seen below Beni Hassan, and not 
common till above the second cataract. In the upper 
reaches of the Nile it still exists in its original numbers 
whence its range extends southwards to the Cape, and 
westwards to Senegal. The species also occurs in 
Madagascar, while it likewise still lingers in Syria, 
in the neighbourhood of the Zerka, or Crocodile River, 
near Cesarea. 

Distinguished from the estuarine crocodile by the 
absence of the ridge in front of each eye, this species 
differs from the other two members of the same group 
by the want of any ridge on the middle of the snout 
or forehead, so that its whole skull is comparatively 
smooth. In size it falls little, if at all, short of the 
estuarine crocodile, although differing from the latter by 
the uniformly dark olive colour of the adult (page 1559). 

As the habits of this crocodile do not ditfer in any 
important respects from those of the other members 
of the genus, they do not require any detailed notice, 
although a few words may be devoted to its cult by the 
ancient Egyptians, among whom it was known by the 
aforesaid name of fimsa, which was modified by the 
ancient Greeks into champsa. By the former 
people the crocodile was regarded as the symbol of 
sunrise—possibly, it has been suggested, on account 
of the brightness of its eye, or, perhaps, because that 
is the first part to appear when the reptile emerges 
from the water. Among the 
places where the crocodile 
was specially reverenced were 
Thebes and the shores of Lake 
Meeris, as well as Ombi, near 
Syene. 

At Thebes a crocodile 
reared from youth in the 
temple, where it was fed with 
sacred food, adorned with rings 


was 


and bangles, and worshipped 
with divine honours; while 


after death its mummified body 
was carefully preserved in the 
catacombs, where hundreds of 


embalmed crocodiles are still 
to be found. 

Something analogous to 
this Egyptian veneration for 
the crocodile is to be met 
with in other countries. The 
Indian crocodile is specially 


protected by certain religious 
sects in India, and rendered 
so tame that it will leave its 
pond to feed out of its keeper’s 
hand ; while at Dix Cove, on 
the north - western coast of 
Africa, a pair of tame crocodiles 
were formerly kept in a pond 
by priests, dressed in white 
garments, who fed their charges 
with snow-white fowls. 

On the upper course of the 
Nile the favourite haunts ofthe 
crocodiles are sandbanks, 
situated in parts of the river 
where the current is not too 


sleeping with widely-opened mouths, in and out of which 
the black-backed plover walks with the utmost uncon- 
cern (p»ge 1340). According to Arab accounts, one and 
the same crocodile has been known to haunt a single 
sandbank throughout the term of a man’s life, thus 
leading to the conclusion that these creatures enjoy a 
long term of existence, during the whole of which they 
continue to increase in size. 

In common with this feature of uninterrupted growth, 
crocodiles are likewise distinguished by their remarkable 
tenacity of life, the only shots that prove instantane- 
ously fatal being those that take effect either in the 
brain itself or in the spinal cord of the neck. It is true, 
indeed, that a shot through the shoulder will uitimately 
cause death, but it allows time for the animal to escape 
into the water, where its body immediately sinks. To 
reach the brain, the crocodile should be struck imme- 
diately behind the aperture of the ear. Although it 
is commonly supposed that the bony armour of these 
reptiles is bullet-proof, this is quite erroneous, although 


if the plates are struck obliquely the bullet will 
frequently ricochet. 
A remarkable instance of boldness and _ ferocity 


displayed by a crocodile ofthis species is narrated by a 
correspondent of the “Times” during a journey to 
Mashonaland. On arriving one evening on the banks 
of the narrow but rocky Tokwi River, a man named 
Williams rode in with the intention of crossing. During 
the passage his horse was carried by the stream a few 
yards below the landing-place, and just as he reached 
the opposite bank he was seized by the leg by a croco- 
dile, which dragged him from his horse into the stream. 
There the reptile let go its hold, upon which the man 


strong. There they may be 
seen at all hours of the day 
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SHARP-NOSED AND ORINOCO CROCODILES 


managed to crawi on to a small island. Immediately 
his companion rode in to his assistance, upon which 
another very large crocodile mounted up between him 
and his horse’s neck, and then slipped back, making 
a dreadful wound on his side and in the horse’s neck 
with its claws as it did so. The river seemed, indeed, 
to be absolutely swarming with crocodiles, and it was 
with the greatest difficulty = 

that the unfortunate man 
Williams, who ultimately 
died of his wounds, was 
brought to the bank. 

As an example of the 
wonderful muscular power 
of these terrible reptiles, it 
may be mentioned that a 
crocodile is stated, on 
thoroughly — trustworthy 
evidence, on one occasion 
to have seized by one 
hind leg a full-grown 


the two branches of the lower jaw extending as far 
back as the sixth, seventh, or eighth tooth, instead of 
stopping short at the fifth. In this particular species 
the snout, which has no ridges, varies in length from 
twice to twice and a half the width at the base ;_ while 
the six bony plates on the neck are widely separated 


rhinoceros as it was 


leaving the river, and, 
after a prolonged struggle, 
eventually succeeded in 
dragging the unfortunate 
animal stern-foremost into 
the water, where it was 
drowned. 


SIAMESE CROCODILE 


The Siamese crocodile 
(C. stamensis), inhabiting 
Siam, Cambodia, and Java, 
may be distinguished from 
the preceding species by 
the presence of a longi- 


= —— 
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tudinal ridge on the skull 
between the eyes, although 
the snout is smooth. It 
agrees with the latter in having the anterior bony 
plates of the neck well developed, whereas these are 
usually absent in the estuarine crocodile. 


SHARP-NOSED CROCODILE 


The last member of this group is the sharp-nosed 
crocodile (C. americanus) of Central America, which 
has a longer and sharper muzzle than any of the pre- 
ceding species, and is further characterised by the 
presence of a distinct median ridge running down the 
snout. There are usually four large bony plates on 
the neck, forming a square, with a smaller pair on the 
sides of the front ones; and the plates of the back are 
arranged in fifteen or sixteen transverse rows, and 
in either four or six longitudinal bands. In the fore 
limb the second and third toes are but slightly webbed, 
while the outer toes of the hind foot are united by larger 
webs. 

In colour the adult is blackish olive above, and 
yellowish beneath, but the young are pale olive, with 
black spots. In addition to being widely distributed in 
Central America and the adjacent regions, such as 
Ecuador, Colombia, Venezuela, and Florida, this 
crocodile is also met with in the West Indian Islands. 


ORINOCO CROCODILE 


Nearly allied to the last, although with a still longer 
and more slender snout, is the Orinoco crocodile 
(C. intermedius), which is referred to a third group, 
characterised by the very slender and _ gharial-like 
snout, of which the length is equal to at least twice 
the basal breadth ; and also by the bony union between 


LONG-NOSED CROCODILE 


four, with a pair on the sides. The colour is olive 
above and yellowish beneath, and in both this and the 
preceding species the length is about 13 feet. The 
Orinoco crocodile appears to be confined to the river 
from which it takes its name and its affluents. 

The best accounts of the Orinoco and sharp-nosed 
crocodiles are given by the early German traveller Von 
Humboldt, who states that these reptiles swarm on the 
Apure, where they may be often seen in parties of eight 
or ten lying on the open space between the shore of the 
river and the forest. At the time of his journey the 
river was, however, still low, and consequently hundreds 
of crocodiles were lying concealed beneath the mud of 
the adjacent lowlands. In the stomach of one that was 
opened were found a half-digested fish and a granite 
pebble ; such pebbles, and sometimes also balls of hair, 
being commonly found in the stomachs of the members 
of the order. 

In spite of their comparatively slender jaws, these 
crocodiles frequently seize the natives while stooping 
to draw water from the river. A large portion of their 
prey is, however, afforded by the defenceless carpin- 
chos, which are met in droves of from fifty to sixty 
head, and fall victims to jaguars on land and to 
crocodiles in the water. 

In their young state—when only from 7 to 8 inches 
in length—the crocodiles themselves are, however, 
devoured by vultures, which seize them on the shore 
or in the shallow water. It was curious, observes 
Humboldt, to see the address with which the little 
reptiles defended themselves for a time against their 
aggressors. Directly they perceived the enemy, they 
raised themselves on their fore paws, bent their backs, 
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and lifted up their heads, opening their wide jaws. 
They turned continually, though slowly, towards their 
assailants, showing their teeth, which, even when the 
reptiles had but recently issued from the egg, were very 
long and sharp. Often, while the attention of one of 
the young crocodiles was wholly engaged by one of the 
vultures, another seized the favourable opportunity 
for an unforeseen attack, pouncing on the unfortunate 


reptile by the neck and bearing it off in the air. Hum- 
boldt also relates an anecdote about a native of 


Calabozo being awakened in the middle of the night by 
one of these crocodiles suddenly breaking through the 
mud of the floor of his hut, beneath which it had retired 
for the dry season. 

LONG-NOSED CROCODILE 

Omitting notice of the small Johnston’s crocodile 
(C. jgohnstont) of Northern Australia, the last member 
of the genus is the curious long-nosed crocodile 
(C. cataphractus) of Western Africa, which forms a kind 
of connecting link between the other true crocodiles 
and the gharials. In this species the snout is more 
elongated and slender than in any of its congeners, its 
length not  infre- r ; 
quently exceeding 
three times the 
basal width, while 
the bony union 
between the two 
branches of the 
lower jaw is. like- 
wise of unusual 
length. In form 
the snout is convex 
and devoid of 
ridges, and _ the 
region of the fore- 
head is remarkable 
for the convexity 
of its profile. 

The great pecu- 
liarity about the 
species is, however, 
to be found in the 
arrangement of the 
bony plates on the 
neck, which form 
two longitudinal 
rows, and are par- 
tially if not com- 
pletely continuous with those of the back ; a somewhat 
similar arrangement existing in Johnston’s crocodile. 
On the back the number of longitudinal rows of shields 
is six; and the lower parts of the legs, as in many 
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other crocodiles, are furnished with jagged horny 
fringes. In colour the head is olive, spotted with 


brown ; the back and tail have a brownish yellow 
ground-colour, with large black spots, and the yellow ish 
white under parts are marked with smaller white 
spots. In length this species reaches some 18 feet. 

The long-snouted crocodile is found in the rivers and 
marshes of Western Africa, from Senegambia to the 
Gabun, and also occurs farther to the south in the 
Congo ; its native name being khinh. Not infrequently 
found in company with the Nile crocodile, it inhabits 
the smaller streams and still waters of the interior, 
generally taking up its position in a deep pool protected 
by an overhanging bank or rock, and thence sallying 
forth on its prey, which consists chiefly of fishes, frogs, 
and aquatic reptiles. The eggs are laid on the bank, 
where, unlike those of most other members of the 
family, they are carefully covered with leaves and 
herbage. 
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ITS FAVOURITE 
J 


Shy and timid in its disposition, this crocodile is often 
captured by the natives for the sake of its flesh, which, 
like that of many of its allies in other regions, is much 
esteemed as food While very abundant in the fresh 
waters of the interior, this species hkewise haunts the 
salt-water lagoons of the Guinea coast, and in the delta 
of the Cameruns may be observed lying on the sand- 
banks bordering the mangrove swamps, from which, on 
the approach of a boat, it darts into the water with 
surprising celerity. When in that element, it often 
pulls down herons and such other aquatic birds as 
may be standing or swimming in the water, sailing up 
to them with the silence of a large fish, to which, when 
in the water, it presents a considerable resemblance. 
As in the estuarine and Nile crocodiles, in the adult of 
this species the second tooth in the fore jawbone, or 
premaxilla, disappears, leaving only four in place of 
the normal five teeth on each side. 


MALAY GHARIAL 

The very long and slender snouted crocodile-like 
reptile inhabiting Borneo, Sumatra, and the Malay 
Peninsula, and known as the Malay, or Schlegel’s, 

— gharial (Rhyn- 
chosuchus, or Tomi- 
stoma, schlegelt) 
represents the first 
of two genera, each 
with a single exist- 
ing species, which 
differ very remark- 
ably from any of 
those yet noticed. 
In both these 
reptiles the snout 
is long and slender, 
with its  tooth- 
bearing margins 
nearly straight, 
instead of being 
thrown into more 
or less well-marked 
festoons ; while the 
nasal bones never 
extend forwards to 
reach the aperture 
of the nostrils, from 
which they are 
separated by a con- 
siderable interval. 
The bony union between the two branches of the lower 
jaw is also of great length, extending at least as far back 
as the fifteenth tooth, and including a bone—the 
splenial—which in other crocodiles remains entirely 
separate from the symphysis. In neither do the teeth 
attain the large dimensions characteristic of many other 
members of the family. : 

The Malay gharial has the shorter snout of the two, 
its length not exceeding three and a half times its basal 
width ; but the species is especially distinguished by 
the circumstance that the nasal bones extend forwards 
to articulate with the anterior jawbones, or premaxille. 
The teeth are twenty or twenty-one in number on each 
side of the upper jaw, and eighteen or nineteen in the 
lower jaw ; those on the sides of the latter being received 
in pits between the upper ones, and the first, fourth, 
and ninth lower teeth being enlarged. The bony plates 
on the neck and back form a continuous shield, consisting 
of four longitudinal and twenty-two transverse rows ; 
and while the fore toes are webbed at the base, the 
outer ones of the hind feet have larger webs. 

In colour the Malay gharial is olive above, with dark 
spots or bars, and its length may be 12 or 14 feet. In 
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habits this species is probably very similar to the Indian 
gharial. It is important to notice that several fossil 
representatives of this genus occur in the Tertiary 
deposits-of Europe, while it is not improbable that the 
genus is also represented in the underlying Cretaceous 
rocks. All this is exactly in harmony with what we 
should naturally have expected to be the case, seeing 
that the Malay gharial, like the Indian gharial, is 
evidently a very generalised member of the family. 

This gharial is known to the Malays as buaya jinju- 
long, or long-snouted crocodile, but as it is a very rare 
reptile, only a few have even heard of its existence. 
Mr. L. Wray states that a specimen sent to London 
“was caught at Pulan Tiga, in the Perak River, in 
June, 1895, and I kept it in a pond till the end of 
December, when it was killed. For months it would 
eat nothing but a few small fish, but during the latter 
portion of the time it would eat freely of any meat or 
fish given toit. It also became quite tame, and would 
remain at the surface of the water with its head on the 
bank while people stood near it. 

“The Malay gharial would appear to be essentially 
a fresh-water animal, and it is said by the natives to 
often frequent the swamps and marshy lands on the 
banks of the river. If this is really the case, it differs 
somewhat in its habits from Gartalis gangeticus, which 
is much more aquatic than the crocodile. In the 
ordinary way, so far as my observations have gone, 
only the upper part of the end of the nose and the two 
eyes are above the water. On the approach of anyone, 
the eyes slowly and quite silently sink beneath the 
surface, and nothing but a small portion of the nose 
remains; On a nearer approach this also quietly 
disappears. This, doubtless, accounts for the fact that 
the animal is so very rarely seen.” 


INDIAN GHARIAL 


Apparently owing to a clerical error on the part of 
its first describer, the slender-snouted crocodile known 
in India by the vernacular name of gharial is almost 
always spoken of in Europe as the gavial, while its 
misspelt name has even been Latinised into Gavialis— 
an error which some writers persist in perpetuating. 
The Indian gharial (Garialis gangeticus) is readily 
distinguished at a glance from all other crocodiles by 
the exceeding length and slenderness of its snout ; 
the length varying from more than five times the basal 
width in the young to rather more than three in the 
adult. This narrow snout gives to the reptile a de- 
cidedly curious appearance ; and it is perhaps note- 
worthy that both the gharial and the dolphin-like susu, 
which inhabit the same rivers, and probably feed on 
the same kind of food, have similarly elongated beak- 
like snouts, armed with very similar curved and 
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INDIAN GHARIAL 


Photo, C. R. Walter 


slender conical teeth ; this resemblance being doubtless 
due to adaptation to a similar mode of life (page 847). 

From the Malay gharial, the Indian species is readily 
distinguished by the nasal bones being very short, and 
consequently separated by a long interval from the: front 


‘apper jawbones, or premaxille , while the teeth—twenty- 


seven to twenty-nine on each side of the upper, and 
twenty-five or twenty-six in the lower jaw—are all of 
nearly uniform size, and those of the lower jaw are 
not received into distinct’ pits. The bony union 
between the two branches of the lower jaw also extends 
backwards to the twenty-third or twenty-fourth tooth, 
whereas in the Malay species it stops short at the 
fourteenth or fifteenth. At its extremity the long and 
nairow snout becomes much expanded, and in the 
male this expanded extremity is surmounted by a 
hollow. hump, in the centre of which are placed the 
nostrils. 

The bony plates of the neck form.a shield continuous 
with that of the back, in which the number of longitu- 
dinal rows is four, while there are twenty-one or twenty- 
two transverse bands. Externally to the bony shields 
of the back there occurs on each side a row of soft 
plates, which are either smooth or but slightly keeled. 
The toes are well webbed ; and the general colour of 
the adult is dark olive above, the young being, how- 
ever, pale olive, with dark brown spots or bars. 

The Indian gharial has a somewhat curious geo- 
graphical distribution, being restricted to the Indus, 
Ganges, and Bramaputra, with their larger affluents, 
together with the Mahanadi in Orissa, and the Koladyni 
River in Arakan. Together with certain tortoises 
mentioned later on, this reptile is one of the most 
ancient of living animals, its fossil remains occurring 
in the rocks of the Siwalik Hills in Northern India in 
association with those of mammals belonging to 
extinct species and genera. Attaining a length of fully 
20 feet at the present day, and still larger dimensions 
during the Pliocene period, the gharial subsists chiefly 
upon fish, for the capture of which its elongated 
narrow jaws, armed with numerous long, curved 
teeth, are admirably adapted. There is, however, at 
least one well authenticated instance of a human 
being having fallen a victim to these reptiles, but in 
general they do not attack the larger mammals; and 
it is perhaps owing to this generally harmless dis- 
position that they are held sacred by the Hindus in 
many parts of India. 

In accordance with the nature of its prey, the gharial 
seems to be more thoroughly aquatic in its habits than 
most of its allies; the relatively long hind limbs and 
the fully-webbed toes being features specially suited 
to aid in swimming. In the breeding season the female 
lays about forty eggs in the sand of the river-bank, 
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which are deposited in two layers, and covered to a 
considerable depth with sand; the two layers being 
probably laid on different days. The newly-hatched 
young, which, from the great proportionate length of 
their snouts, present a most extraordinary appear- 
ance, are very active, and of a greyish brown colour, 
with five irregular dark oblique bands on the body 
and nine on the tail. 

In addition to those of the existing species, the 
Siwalik Hills have yielded remains of several extinct 
gharials, some of which attained gigantic dimensions ; 
while other species belonging to the living genus have 
been obtained from the middle Tertiary rocks of 
England. Possibly, also, certain fossil gharials from 
the Cretaceous deposits of the United States should 
find a place in the same generic group. Other Cre- 
taceous species are, however, remarkable for the 
presence of a vacuity in the skull in front of the eye- 
socket, in consequence of which they have been 
separated as a distinct genus, under the name of 
Thovacosaurus. 

Mention must also be made of an enormous gharial 
from the Siwalik Hills, known as Rhampbhosuchus 
crassidens, which attained 
a length of some 50 or 60 


feet, and had teeth as 
large as those of the 
biggest crocodile; its 


upper teeth biting on the 
outer side of the lower 
ones, instead of inter- 
locking with them, as in 
the living species. Another 
extinct giant of the order is the very imperfectly 
known Dinosuchus hatcheri, from the Cretaceous rocks 
of Montana, which is estimated to have attained a 
length of between 35 and 4o feet. 


EXTINCT GROUPS 


As already mentioned, all existing crocodiles, to- 
gether with the species from the Tertiary formations, 
constitute a single family, characterised by the vertebre 
having a ball in front and a cup behind, and by the 
internal nostrils being situated at the hind end of the 
skull, as well as by the bony plates of the back being 
arranged in at least four longitudinal rows. Although 
a few species found in the topmost beds of the under- 
lying Secondary formations approximate in some 
respects to the foregoing, the majority of the crocodiles 
from rocks as old as or older than the Chalk differ 
very considerably from the existing types. 

In the first place, the bodies of their vertebrae 
articulate with one another by slightly hollowed sur- 
faces at both ends; while, owing to the want of union 
between the hindmost bones of the palate beneath the 
nasal passages, the internal apertures of the nostrils 
are situated nearly in the middle of the skull. Then, 
again, when a bony armour is present, the plates on the 
back are arranged in only two longitudinal rows; 
while those on the lower surface of the body form 
two distinct shields. It is remarkable that among 
these extinct crocodiles some are met with having 
broad and short snouts like the modern alligators, 
while others have long and narrow snouts like the 
gharials. 

In the Wealden and Purbeck rocks, underlying the 
Chalk, some of these crocodiles, such as the short- 
snouted Swanage crocodile (Goniopholis), resembled 
living types in having the socket of the eye com- 
municating freely with the lower temporal pit, although 
they were distinguished by the plates of the back 
articulating together by means of a peg-and-socket 
arrangement. In still older formations, such as the 
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lower Oolites and Lias, there were, however, many 
long-snouted crocodiles, such as_ the steneosaurs 
(Steneosaurus) and pelagosaurs (Pelagosaurus), im 
which the socket of the eye is divided from the lower 
temporal pit by a bony bar, as shown in the figure. 
Moreover, in these forms the upper temporal pit, T, 
was larger than the socket of the eye; whereas in 
all living kinds the former is much the smaller of the 
two, and may even be obliterated. 

Remains of a remarkable group of extinct crocodiles 
occur in the Kimeridge and Oxford Clays of Europe, of 
which Geosaurus, Dacosaurus, and Metriorhynchus are 
the best-known representatives. These reptiles lacked 
the bony scutes in the skin of the back characteristic 
of ordinary crocodiles, and their fore limbs were 
relatively small and weak, and their eyes furnished with 
a ring of bony plates similar to those of the ichthyosaurs, 
or fish-lizards, From the associated remains, it is 
evident that these crocodiles must have been marine. 

The structure of the lower portion of the limbs was, 
however, long unknown; but this gap in our know- 
ledge was eventually bridged over by the discovery 
in the upper Jurassic strata of the Continent of 

=,two nearly complete 
skeletons of members of 
the group, one belonging 
to the genus Dacosaurus 
and the other to Geosaurus. 
From the structure of the 
skeleton, it is quite evident 
that the fore limbs were 
short and paddle-like, but 
the hind pair departed less 
widely from the ordinary type. The jaws were relatively 
long and armed with powerful teeth; and it is con- 
sidered probable that the long tail terminated in a 
powerful vertical fin. These reptiles were thus nearly 
as well adapted for a marine life as whales, and must 
apparently have been formidable rivals to the ichthyo- 
saurs and plesiosaurs of the Jurassic seas. 

In general, however, the earlier extinct crocodiles 
were decidedly of a less specialised type than those of 
the present day; and as a gradual transition can be 
traced in these respects from the oldest to the most 
recent, the group affords a very interesting instance of 
progressive evolution. In the very oldest of the 
Secondary rocks—namely, the Trias—there occur, 
both in Europe and India, certain very remarkable 
long-snouted reptiles, known as Parasuchia, which 
appear in some respects intermediate between croco- 
diles and tuateras. They resemble the former group 
for instance, in the nature of their teeth, bony armour, 
ribs, and vertebra, but approximate to the latter in 
the structure of the skull, abdominal ribs, and probably 
of the collar-bones and interclavicle. 

The typical representative of the group is the Indian 
Parasuchus, although the European Phytosaurus, or 
Belodon is much better known. The most remarkable 
member of the group is, however, an extraordinarily 
long-skulled species from the Trias of South Africa, 
known as LEyythrosuchus, in which the jaws were 
armed with sabre-like, serrated teeth, very similar to 
those of the dinosaurian Megalosaurus. As Erythro- 
suchus was of large size it must have been a fell 
carnivorous monster. 

Many naturalists, it should be mentioned, regard 
the Parasuchia as entitled to rank as a distinct order, 
intermediate in many respects between crocodiles and 
tuateras. 

Another extinct group of primitive crocodiles, the 
Aétosauria, is typified by the genus Aétosaurus of the 
upper Jurassic strata of Europe, the species of which 
were quite small in comparison to modern crocodiles. 
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NEARLY allied to crocodiles are those remarkable extinct 

reptiles from the rocks of the Secondary period, 
which include among their number the most gigantic 
of all land animals, and likewise those members of the 
reptilian class which make the nearest approximation 
in their organisation to birds. During that epoch of 
the earth’s history in which the Chalk and underlying 
Oolitic rocks were deposited, when mammals were 
represented by a few small forms of lowly type, these 
strange reptiles were the dominant animals on land ; 
some progressing in the ordinary lizard-like 
whilst others stalked on their hind limbs like , 
birds. To give some idea of the enormous 
dimensions attained by some of these 
creatures, 1t may be mentioned that the 
thigh-bone of one species measures 64 inches, 
while the total length of its skeleton is 
estimaied to have been between 60 and 
80 feet. On the other hand, some species 
were comparatively small, and not more 
than a couple of feet in length. 

Although the whole of these reptiles are 
markedly distinct from crocodiles, yet they 
agree with them in the general characters of 
their skulls, vertebre, and ribs; but they 
differ so decidedly from one another that 
it is not easy 1o give a definition of the 
entire order. They are, indeed, divided into 
four well-marked groups, with so many 
differences between them that in the opinion 
of many they are entitled to rank as separate orders ; 
and it will, accordingly, be most convenient to treat 
these groups seriatim. 


QUADRUPEDAL. GROUP 


The most stupendous members of the order are 
included in a.group which may be conveniently desig- 
nated quadrupedal, or sauropodous, dinosaurs, on account 
of their walking in the ordinary manner, and in having 
five toes to the feet. The most striking peculiarity 
of this group is to be found in the 
circumstance that the vertebre of the neck 
and back, as shown in the accompanying 
figure, had large cavities in their sides, 
which in the living state may have been 
filled either with cartilage or with air. 
These vertebrze resembled those of existing 
crocodiles, as described on page 1471, 
in having a ball at one end and a cup at 
the other; but whereas in crocodiles the 
ball is at the hind end of the body and the 
cup in front, in these dinosaurs precisely — 
the reverse of this arrangement obtained. 

As regards dentition, these reptiles had | 
their teeth implanted in distinct sockets | 
like crocodiles ; but the teeth themselves, 
as shown in the accompanying figure, 
were of a peculiar spatulate shape, with the 
outer side convex and the inner concave. e- 
Agreeing in the general structure of their pelvis with 
crocodiles, these dinosaurs were distinguished therefrom 
by the circumstance that the bone known as the pubis 
(p in figure on page 1470) enters into the composition of 
the cavity for the reception of the head of the thigh- 
bone. The limb-bones are solid throughout. From 
the nature of their teeth, which are often much worn 
by use, it may be inferred that these reptiles were 
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vegetable-feeders ; and it is not improbable that they 
frequented the margins of lakes and rivers, where 
their inordinately long necks would enable them to 
browse with ease on the various aquatic plants. That 
they must have been very sluggish in their movements 
and stupid in their ideas, is indicated by the wonder- 
fully small proportionate size of their brains. 

These dinosaurs were common both in Europe and the 
United States, the larger forms having been described 
under the names of -Pelovosaurus; Atlantosaurus, 


Cefiosaurus, Brontosaurus, Hoplosaurus, and Diplodocus, 


=souesq They alco occur in India, Argentina, Africa, 
and Madagascar. 
in Europe one of the best-known of 
_ these giant reptiles is Diplodocus curnegit, of 
_ which the entire skeleton is shown, by means 
' of a cast, in the Natural History branch 
of the British Museum (page 1488). This 
monster measures nearly 80 feet in length, 
and stands some 15 or 16 feet in height 
at the shoulder. This, however, gives but 
a very inadequate conception of the general 
f proportions and appearance of the reptile ; 
_andit has to be added that while the body 
is very short, occupying only about one- 
fifth of the entire length of the skeleton, 
the rest of the framework is formed by the 
long neck (with the small head) and the still 
longer tail (page 1491). What the creature 
could have wanted with a whip-like tail of 30 
feet in length, it is impossible to conjecture; but that the 
appendage was subject to violent usage seems evident 
from the circumstance that in a skeleton of an allied 
species from Peterborough one of the slender terminal 
vertebre has been fractured and reunited during hfe. 

In addition to the fact that the aperture of the 
nostrils is situated at its summit, immediately above 
the sockets for the eyes, the most remarkable feature 
about the skull is:its relatively small size ; it is, in fact, 
actually smaller than any-one-of the vertebre at the 

» base of theneck. If the skull of a crocodile 
be compared with one of its neck vertebre, 
it will be easy to realise what this means. 

Equally noteworthy is the fact that the 
teeth are confined to. the front of the jaws, 
and consist of long, slender pegs, which 
could have been of little or no use in 
biting ; and even if employed in dragging 
up plants from the water they would be 
very liable to be broken. Almost their 
only use would seem, indeed, to have been 
raking up soft floating substances from the 
surface of the water. The form of the 
vertebre of the neck serves to indicate 
that the calibre of the throat must have 
been very small in comparison with the 
general size of the reptile. 

To carry the enormous bulk of such a 
monster necessarily requires hmbs of great 
size and strength, and the thigh-boneis accordingly solid 
throughout, and nearly equal in length to the height of 
a tall man, with a proportionate width and girth. It 
is doubtful, however, whether even a limb of the 
proportions indicated by this enormous bone would 
not have been crushed by the superincumbent dead 
weight of the huge carcase had it not been for a 
special structural modification in the vertebral column, 
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Throughout the neck and body, and also in the first 
half of the tail, the vertebre are of the type of the one 
shown on page 1487, having a large aperture on each 
lateral surface which communicates with a series of 
honeycomb-like chambers in the interior, and thus 
reduces the whole structure to a kind of shell. A back- 
bone of this type cannot have weighed more than about 
one-third as much as that of a whale of equal dimensions, 
and it is probable that by this means alone was a 
terrestrial existence possible to these monstrous and 
unwieldy reptiles. 

As regards the probable mode of life of these 
reptiles, Mr. J. B. Hatcher has written as follows: 

“Tam inclined toward the opinion that diplodocus 
was essentially an aquatic animal, but quite capable 
of locomotion on land. Though living for the most 
part in the more important rivers and fresh-water lakes, 
it may not infrequently have left the water and taken 
temporarily to the land, either in quest of food or in 
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themselves with a sufficiency of food, unless, indeed, 
they were eating incessantly from morning to night. 

The lightening of the backbone is clearly a feature 
connected with terrestrial habits (as it would be quite 
unnecessary in a purely aquatic animal), and it would 
therefore seem probable that these reptiles passed more 
of their time on land than Mr. Hatcher considered to be 
the case. 

This is, indeed, the view taken by Mr. E.S. Riggs, who 
has devoted much attention to the study of these 
creatures. Arguing both from the peculiarities dis- 
played by the backbone and from the construction of 
the limbs, he expresses the opinion that in place of 
being semi-aquatic, or at all events marsh-dwelling, 
diplodocus and its allies were in the main terrestrial 
creatures, and this view accords best with what is 
known of their structure. Still, in the case of the 
diplodocus it is difficult to imagine how it could 
have procured food except by entering the water and 
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From the specimen in the Natural History Museum, New York 


migration from one to another of adjacent bodies of 
water. Not only would an aquatic life seem to har- 
monise best with the anatomical characters of dip- 
lodocus as we know them, but such a habitat would 
also afford these comparatively helpless animals the 
greatest possible protection from the huge terrestrial 
carnivorous dinosaurs which were undoubtedly their 
enemies.” é; 
He then goes on to observe that these huge reptiles 
must have required enormous supplies of succulent 
and nutritive food; and further suggests that the 
country in which they dwelt somewhat resembled 
Amazonia at the present day, where the flooded and 
swampy lowlands teem with vegetable products of a 
nature suitable to the feeble teeth of the diplodocus. 
Even under such circumstances it is, however, difficult 
to imagine how these creatures, with their small mouths 
and narrow gullets, could have managed to provide 


devouring soft and luscious vegetation ; and the exces- 
sively long and slender neck may have been correlated 
with such habits. 

The skeleton of the diplodocus has been mounted 
with the body high above the ground and the limbs 
approximately vertical, but the question has been raised 
whether this reptile did not crawl on its belly with the 
limbs splayed out like those of a crocodile. The 
question is one of considerable importance, as it affects 
the conception of the general appearance and pose 
not only of diplodocus, but of the quadrupedal giant 
dinosaurs generally. 

Dr. Hay is of opinion that the reason why a rhino- 
ceros-like carriage has been attributed to diplodocus 
and its relatives is that the bird-like dinosaurs, such as 
the iguanodon and the megalosaur, are definitely known 
to have walked on their hind legs in bird-fashion. 
After arguing against the probability of diplodocus 
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having a mammal-like carriage from the form of the 
limb-bones, and especially of the feet, in which the great 
claws of the outer toes would come much more eftec- 
tively into use if placed somewhat sideways (instead of 
vertically) on the ground, he urges that such a bulky 
creature would inevitably be bogged if it carried itself 
like a rhinoceros. 

“ There will be little dissent,” he writes, ‘“ from the 
view that these animals inhabited a ¢ 
country in which marshy lands abounded, 
and that they passed most of their 
time in the vicinity of bodies of water. 
As to weight, Marsh estimated that that 
of the brontosaurus was more than 20 
tons. Each footprint was thought to be 
about a square yard in extent. The 
pressure was therefore about 1,100 pounds 
on each square foot of the ground. What 
progress could such enormous animals 
have made through morasses and along 
mud-depositing rivers if they carried 
themselves as represented in the restor- 
ations ? Without doubt they would soon have become 
inextricably mired, and perished miserably.”’ 

On the other hand, Dr. Hay’s conception of diplo- 
docus and its allies is that they were essentially 
amphibious creatures, which could swim with consider- 
able ease, and could also creep about on land with their 
belies pressed 
on the ground, 
although only 
perhaps in a some- 
what laborious 
manner. The great 
size of these rep- 
tiles seems to be 
no bar to their 
being able to 
creep, as their 
limb-bones are as 
large in proportion 
to the body asin 
the biggest croco- 
diles. That they 
could have reared 
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themselves up on 
their hind legs 


seems, however, to 
be improbable, as 


it is known to 
be impossible in 
crocodiles. When 


feeding, diplodocus 
probably swam o1 
crept lazily about 
in or near the 
water, gathering 
in floating plants 


or those loosely 
attached to the 
bottom of lakes. 


Plants growing at 
some depth could 
also. be reached 
by the long neck, 
after the fashion 
of a swan, while 
foliage growing 
at a heights of 
twenty feet above 
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the surface Could likewise have been plucked by the 
If this view be correct, the skeleton of 
diplodocus should be reconstructed somewhat upon the 


same method. 


model of a crocodile. The body placed in a crocodilian 
attitude would be no less imposing than when erect, 
while the neck might be posed in a graceful curve. 
Nearly allied is Brontosaurus, the skeleton of which 
is estimated to have a total length of 62 fzet. Con- 
trasted with that of Diplodocus, the skeleton of 
Brontosaurus (page 16) is characterised by its relatively 
shorter body and limbs, and its more massive general 
: = structure, the arrangements for lightening 
its weight being more specialised than in 
any other member of the group. From 
the rough terminal surfaces of the limb- 
bones it is inferred that this reptile was 
largely aquatic in its habits; and when 
sitting down it is supposed that the weight 
of the body was partly supported by the 
| extremities of the ischia and pubes, which 
may have been furnished with elastic 
pads of cartilage or connective tissue. 
It may be added that Mr. E. S. Riggs 
dissents from the view that these gigantic 
reptiles were semi-aquatic or at least marsh- 
haunting in their habits. Although the massiveness of 
the vertebre recalls cetaceans, yet there is no trace in 
the latter group of the lightening of this part of the 
skeleton by means of hollowing and fluting which is 
so characteristic of these dinosaurs. More important 
evidence is afforded by the structure of the limbs, which 
appears to conform 
strictly to the ter- 
restrial type. 


THE GAR 
NIVOROUS 
DINOSAURS 


The carnivorous 
dinosaurs (family 
Megalosauride), of 
which the English 
megalosaur (Mega- 
losaurus) was the 
first species dis- 
covered, differed 
from the preceding 
group in the form 
of their teeth, 
which were com- 
pressed and sickle- 
shaped, with sharp- 
cutting and _fre- 
quently serrated 
edges. ‘Their limb- 
bones also were 
hollow; while 
their vertebre 
were likewise hol- 
low internally, but 
had no lateral 
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cavities, and the 
pelvis (figured on 
page 1470), al- 


though of the same 
general type as in 
the quadrupedal 
group, presented 
important points 
of distinction. In 
place of the short 
feet of the  last- 
named group, the carnivorous dinosaurs had elongated 
foot-bones, terminating in sharp claws; the number of 
functional toes in the hind foot varying from four to three, 
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stand in Herr Carl Hagenbeck’s park, Stellingen, near Hamburg. It must be remembered that the vegetation of the ages in 
which these dinosaurs lived was different from that existing to-day. ; 
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That they habitually walked on the toes of their hind 
limbs, and not (as was the case with the members of the 
quadrupedal group) on the whole foot, is evident from 
the structure of this part of the skeleton, and from the 
circumstance that the fore limbs were considerably 
smaller than the hind pair, it may be inferred that pro- 
gression was at least frequently accomplished by the 
aid of the latter alone. 

The close approximation of the astragalus, 
or huckle-bone of the ankle, to the lower 
end of the tibia foreshadows the complete 
amalgamation which takes place between 
those bones in birds ; while in one remark- 
able American form the metatarsal bones of 
the foot were reduced to three in number, 
and had nearly the same relationship to 
one another and to the bones of the ankle 
as obtains in birds. While the megalosaur 
attained a height, when erect, of some I5 
feet, the little Compsognathus, of the upper 
Jurassic of Bavaria, did not stand more than 
2 feet ; and there were other equally diminu- 
tive forms, both in England and the United 
States, in which the whole backbone was so 
permeated by air-cavities as to be little 
more than a mere Shell of bone. 

Megalosaurus was a large reptile, carrying 
a blunt horn on the muzzle. Other remark- 
able generic types of carnivorous dinosaurs 
occur in the Laramic, or topmost Cretaceous, 
rocks of North America, namely, Tyvran- 
nosaurus vex and Dynamosaurus imperiosus. 
The former, which appears to have been 
unprovided with armour, is estimated to have measured 
39 feet in length, and walked on the hind limbs only, 
with the top of the skull raised about 19 feet from the 
ground (page 1489). 

On the other hand, Dynamosaurus was an armoured 
type with about a dozen lower teeth, and a number of 
curious prominences on the inner margin of the jaw. 
In this comparatively small number of teeth it seems 
to differ from the allied Dinodon, in which some of 
the teeth were ser- 
rated. A third type, 
Albertosaurus sayco- 
phagus, is based on 
askullfrom Alberta 


province, Canada. 
It. is apparently 
more specialised 


than Dzinodon in 
the reduction cr the 
truncated anterior 
teeth, and more 
primitive than 
Dynamosaurus in 
the possession of a 
larger number of 
teeth, which are of a 
less specialised type. 
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On the other hand, in the bird-like dinosaurs (family 
Iguanodontide) the main bar of the pubis is inclined 
backwards, parallel to the ischium, while it has 
asecondary plate projecting forwards. In this 
parallelism of the pubis and ischium these dinosaurs 
resemble birds, and birds alone; and from this and 
other features it has been thought that the latter are 
derived from reptiles more or less nearly 
allied to this or the last group of dinosaurs. 
But it has to be borne in mind_ that 
parallelism has probably played a part in 
producing the resemblance. 

All the bird-like dinosaurs are further 
characterised by the presence of a separate 
chin-bone (fd in the figure on page 1493) at the 
extremity of the lower jaw; by the absence 
of teeth from the front of both jaws; by 
the teeth themselves approximating more or 
less closely to the type of the one represented 
on page 1490, and by being frequently not 
implanted in distinct sockets ; and likewise 
by the vertebre being completely solid 
’ throughout. 

The typical tepresentatives of this group 
are the well-known iguanodons, originally 
described on the evidence of teeth from the 
Wealden rocks of England, but now known 
by entire skeletons from the corresponding 
deposits of Belgium, which are exhibited 
in the museum at Brussels. These reptiles, 
which were represented by allied forms in the 
United States, habitually walked on their 
three-toed hind limbs, the largest individuals 
attaining a length of some 33 feet. They are character- 
ised by the limb-bones being hollow, by the length of 
the metatarsal bones of the foot, by the first digit of 
the five-toed fore limb being converted into a large 
conical spine, and also by the teeth being of the type 
of the one shown in the above-mentioned figure. 

Needless to say, animals with such teeth must have 
been purely vegetable-feeders, as indeed were all the 
other members of this group. The hind feet terminated 


in rather sharp 
claws, and there 
was no bony 
armour on the 


body. The iguano- 
dons probably 
stalked about 
among the palm- 
forests of re 
Wealden period, on 
the leaves and 
fruit of which they 
may be presumed 
to have in great 
part subsisted. In 
these reptiles the 
large flattened and 
serrated teeth were 
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All the dmgsaurs sc, shoulder-blade, or scapula: co, coracoid ; /, upper arm-bone; 7, radius; ¥, ulna; c, wrist, or x a s tracho- 
mentioned above carpus ; #¢c, metacarpus ; 7/, haunch-bone, or ilium; 4, pubis; zs, ischium; /, thigh-bone ; 77, tibia ; nown as 

agree -w ith one fi, fibula ; ta, ankle, or tarsus ; #t, metatarsus. dons (Tvachodon), 


another in possessing a pelvis approximating to the 
crocodilian type—that is to say, the pubis, or 
anterior lower bone of this part of the skeleton, 
is inclined downwards and forwards, and thus diverges 
in the form of an inverted V from the backwardly 
and downwardly directed ischium, or posterior 
lower bone, as shown in the figure on page 1470. 


which occur in the higher Cretaceous rocks of both 
Europe and North America, there were several rows of 
teeth in use at the same time, the edges of these teeth 
being so flattened and fitted together that a pavement- 
like structure resulted. These trachodons were all much 
inferior in size to the gigantic iguanodons. The 
American claosaur (Claosaurus), of which the skeleton 


1492 


DINOSAURS 


is figured on page 1494, differs from the iguanodons in 
having the fore foot of normal structure. 

A theory was long current that the skeletons of the 
aforesaid iguanodons from the Wealden formation of 
Bunissart, in Belgium, were deposited in a narrow 
gorge cut through Carboniferous strata and subse- 
quently filled up with materials of Wealden age. This 
theory appears, 
however, to be 
founded on a mis- 
conception. The 
iguanodons, as a 
matter of fact, lived 
on the borders of a 
lake, where in due 
course they died, 
and their bodies 
became buried in 
the mud. It is com- 


monly considered 

that these reptiles always walked in the 
upright position, but it is more probable 
that they went frequently on all fours, and 


commonly assumed this attitude when leaving 
the lake. 

The toothless predentary and premandibular 
bones at the extremities of the jaws of the 
iguanodont dinosaurs are considered to have 
been sheathed in horn, so as to form a beak 
adapted for nipping off the branches or herbage 
on which these dinosaurs fed. From time to 
time footprints of the iguanodon are discovered 
in the sandstones of the Wealden series at 
Hastings and in the underlying Wadhurst Clay. 

Some years ago an unusually fine series of these 
impressions, with the track made by the creature’s 
tail as well, was discovered in the formation last 
mentioned ; and a photograph of the surface of the 
clay as exposed in the pit enabled Mr. L. Dollo to 
draw some interesting conclusions with regard to the 
movements of the reptile by which they were made. 
The footprints, it may be mentioned, are made by 
the three-toed hind feet, and are not far short of 
12 inches in length; while the stride of the animal 
was in some cases from 7 feet to 8 feet. 

Three different types of these footprints have been 
detected, in the first of which the prominences on the 
sole of the foot 
form the most con- 
spicuous feature, 
indicating that the 
reptile was at rest, 
an inference con- 
firmed by the fact 
that footprints of 
this type—and of 
this type only—are 
always accom- 
panied by an im- 
press of the tail, 
which was resting 
on the ground at 
the time the im- 
pressions were 
mued eas bn tine 
second type, on the 
contrary, the impressions of the toes are alone 
clearly defined, indicating that the animal was running 
at the time they were made; while in the third 
type the finely-marked impression of the entire foot 
leaves little doubt that at the time this was impressed 
on the sandy clay the huge reptile was slowly walking 
along the sea-shore. 
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@, nostrils; f, brain; 2, horn; 2, nasal bones; 4, upper 
chin-bone; 7, extremity of upper jaw 
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Nearly allied to the iguanodons are the remarkable 
armoured and horned dinosaurs (families Stegosauride 
and Cevatopsid@), which constitute a suborder, Cera- 
topsia, or Stegosauria, characterised by their solid 
limb-bones, the presence of some kind of bony armour 
on the body, or horns on the skull, the short 
foot-bones, frequently terminating in hoof-hke 


toes, and the habitual quadrupedal gait. 
Beginning in the British Lias, these extra- 
ordinary reptiles continued throughout the 


Secondary period, and seem to have attained 
their maximum development at the close of the 
Cretaceous epoch in the United States. 
Of the armoured forms the huge Omo- 
saurus of the English Oxford and 
Kimeridge Clays, and thea'lied S ego- 
sau;us of the corresponding rocks of 
the United States, were characterised 
by the possession of 
large quadrangular 
ID@imw OAS S , 

arranged as a double 
7 series in a vertical 
A position down the 
middle of the back, 
while the tail was 
protected by some 
formidable spines, as 
shown in the greatly 
reduced restoration 
of the skeleton 
given on page 1492. 

Polacanthus foxt, from the Wealden of the Isle of 
Wight, appears to have been a long-bodied reptile of 
about three feet in height at the shoulder, with the 
hind quarters invested in a solid bony shield, and the 
upper surface of the rest of the body, the neck, and the 
tail protected by a double row of large bony plates 
standing vertically. The creature may, in fact, be 
regarded as a kind of reptilian armadillo. Still more 
strange were the somewhat later horned dinosaurs (Ceva- 
tops and Trice’atops), of which two views of the skulland 
a morereduced restoration of the skeleton are here given. 

Triceratops is remarkable not on account of its vast 
bodily size, for in this respect it is not to be com- 
pared with the 
giant Dziplodocus, 
neither )idoes ac 
walk on its hind 
legs with its head 
raised sixteen feet 
high in the air 
like its cousin the 
iguanodon. On 
the contrary, T7- 
cevatops, so far as 


bodily size and 
gait are con- 
cerned, has no 


claim to special 
distinction, its 
total length fall- 
ing just short of 
a score of feet, 
while it walked on all fours very much in the fashion 
of an unusually long-limbed crocodile. 

What, however, it lacks in these respects, the three- 
horned dinosaur, as it may be designated, more than 
makes up for in the extraordinary conformation and 
huge size of its skull. It enjoys, in fact, the distinction 
of having, both absolutely and relatively, the largest 
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head of any known land animal, living or extinct, and 
to find a parallel in this respect it is necessary to look 
to the members of the whale tribe, in some of which 
the relative size of the head is still greater. 

Remains of the horned dinosaurs occur in the upper 
Cretaceous beds along the eastern flanks of the Rocky 
Mountains for a distance of about eight hundred 
miles, but are more abundant than elsewhere in 
Wyoming, and more especially Converse County. As 
an indication of the abundance of these remains in the 
district in question, it may be mentioned that some 
years ago a single investigator collected bones referable 
to no less than forty distinct individuals. 

The Ceratops-beds, as they are called, are of fresh- 
water or brackish origin, but rest in some places on 
marine strata. As they occur some distance below 
the topmost Cretaceous rocks, their age may _ be 
approximately correlated with the highest beds of 
the English Chalk, so that the horned dinosaurs lived 
at a much later epoch than the majority of the giant 
herbivorous dinosaurs, which flourished during the 
Oolitic and Wealden epochs. 

As mounted, the skeleton of Triceratops measures 
19 feet 8 inches from the front of the curious toothless 
beak to the tip of the tail; while at the loinsit stands 
8 feet 2 inches. In addition to the skull, which is 
6 feet long, or nearly one-third the total length, the 
most noteworthy features of the skeleton are its great 
relative height at the loins, the extremely short and deep 
body, shaped more like that of a mammal than that of 
a crocodile, the tall and massive 
limbs, and the curious turtle-like 
flexure of the fore feet. 

In addition to its great absolute 
and relative size, the skull is speci- 
ally characterised by the presence 
of three horns, one in front and 
two behind; the hind pair being 
strikingly like the horn-cores of a 
gigantic ox. Indeed, so ox-like 
are these horns that a pair was 
actually described.as indicating a 
Cretaceous bison. Equally note- 
worthy is the presence of a cut- 
ting beak, formed by a. separate 
bone in each jaw. More striking 
Stilt 1s the 
presence of a 
great bony 
curtain, ‘or 
frill, like the 
flange of a, 
fireman’s hel- 
met,” oOver- 
hanging the neck, and thus rendering the relative length 
of the skull greater in respect to the rest of the skeleton 
than is really the case. Both the horns and the curtain 
were probably covered in life with a thick layer of horn. 

Despite the enormous size of the skull, which forms 
a long triangle in shape, the brain was of the small 
size of that of dinosaurs in general. Whether this 
implies slow and sluggish habits is not easy to decide. 
The powerful armature of the skull is, however, sug- 
gestive of activity both in attack and defence, it being 
difficult to imagine that such structures were not deve- 
loped for special purposes. That Triceratops was 
herbivorous is evident from the structure of its teeth, 
which differ, however, from those of the more ordinary 
dinosaurs in being implanted in the jaws by means of 
two distinct roots, thereby foreshadowing the mamma- 
lian type, although, of course, there is no direct relation- 
ship between this group of reptiles and mammals. It has 
been suggested that the food of Triceratops mainly 
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consisted of soft, succulent vegetation. Although no 
attempt has been made to reproduce it in the res- 
toration of the skeleton, there is some reason to 
believe that during life the body was protected to a 
certain degree by bony armour. This idea is based 
on the fact that various spines, bosses, and plates of 
bones have been found in association with the remains 
of these dinosaurs. To assign these fragments of 
armour, presuming, of course, that they really belong 
to Triceratops; to their proper position on the body has 
not at present been found practicable, although it has 
been suggested that some were probably situated on 
the back behind the bony curtain of the skull, while 
smaller ones. may have defended the throat. In a 
restoration of the creature attempted by an American 
artist the spines are altogether omitted. 

That the heavy armature of the head in Triceratops 
and its allies was developed for purposes of attack and 
defence seems almost a certainty. Presuming this to 
be the case, it 
has, however, 
yet to be de- 
finitely de- 
monstrated 
whether it 
was for the purpose 
of aiding these rep- 
tiles in encounters 
with individuals of 
their own species, or 
to protect them from 
the attacks of con- 
temporary Carnivor- 
ous dinosaurs, such 
as the Dryptosaurus 
(or Le@elaps), the 
Cretaceous repre- 
sentative of the well- 
Ay 2he known Megalosaurus 
ea of the Oolites. Pro- 

fessor F. A. Lucas, 
who has paid much 


attention to the 
restoration of ex- 
tinct animals, is in 


favour of the former 
alternative, as is 
evident from the 
following passage: 

“So long as Tri- 
cevatops faced an 
adversary, he must 
have been practically 

immovable, but, as 
he was the largest animal of his time, it is 
probable that his combats were mainly with those 
of his own kind, and the subject of dispute some 
fair female upon whom rival suitors had cast covetous 
eyes. What a sight it would have been to have 
seen two of these great brutes in mortal combat as 
they charged upon each other with all the impetus to 
be derived from ten tons of infuriate flesh! We may 
picture to ourselves horn clashing upon horn, or glancing 
from each bony shield until some skilful stroke or 
unlucky slip placed one combatant at the mercy of his 
adversary. 

“A pair of Triceratops horns in the National Museum 
at Washington bears witness to-such encounters, for 
one is broken midway between tip and base; and 
that it was broken during life is evident from the fact 


' that the stump is healed and rounded over, while the 


size of the horns shows that their owner reached a 
ripe old age.” 
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These life-size restorations stand in Herr Carl Hagenbeck’s park at Stellingen near Hamburg. 
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Before leaving the subject of dinosaurs attention may 
be directed for the moment to the wonderful tracks of 
fossil animals met with in the sandstone of the Triassic 
strata of the Connecticut Valley, which have been known 
to the inhabitants for well-nigh a century, and were 
described years ago by Professor Hitchcock, of Amherst 
College, who believed most of them to have been made 
by birds. 

Owing to the porous nature of the sandstone, very 
few of the bones of the ancient creatures which formed 
these tracks have hitherto been discovered, and 
fora long time none were known. The few skeletons 
that have been found indicate, however, that these 
tracks were made by dinosaurian and kindred reptiles, 
some of which walked on their hind legs alone, while 
others went on all fours. One of these bipeds was a 


large carnivorous species which left three-toed tracks 
of one type. Another dinosaur, of herbivorous habits, 
has also left footprints which are in most cases not very 
dissimilar to those of its carnivorous relative ; but in 
places we find indications that the giant sat down, 
resting its tail and small five-toed front feet on the 
ground; thus proving that some, at least, of the four- 
footed tracks were made by animals which were 
normally biped. One type of four-footed tracks has, 
however, been proved to have been made by a 
reptile similar to a crocodile in structure, but with 
the body carried high above the ground on long 
mammal-like limbs. For this creature the name of 
Stegomus longipes has been proposed, although it 
ought to bear the title Batrachopus gracilis, bestowed 
on its tracks, 


ORDER ORNITHOSAURIA 
PTERODACTYLES, OR. FEYING. DRAGONS 


At the present day bats and birds are the only verte- 

brates endowed with the power of true flight, but 
during the Secondary period, when the former were 
unknown and the latter but poorly represented, the 
place of both was taken by the flying-dragons (order 
Ornithosauria), or,as they are called, from the structure 
of their wings, pterodactyles. While agreeing with 
crocodiles in the essential 
structure of their skulls and 
in their two-headed_ ribs, 
these curious reptiles have 
the other portions of their 
skeleton more or less 
specially modified for the 
purposes of flight. In the 
relatively large size of the 
brain—which is doubtless 
essential for a flying animal 


and general _ bird-like 
form of the skull, as well 
as in the keeled breast- 


bone and general form of 
the collar-bones (although 
these are not welded to- 
gether into a furcula), the 
pterodactyles present a 
curious similarity to birds. 
Misled by these resem- 
blances, some anatomists 
have, indeed, been induced 
to consider that the two 
groups are nearly related, 
although a more mistaken 
notion never existed. Such 
resemblances as do exist 
between the two groups are 
due, indeed, to that parallel- 
ism in development to which 
attention has already been 


f 
il 


directed, as existing be- 
tween ‘totally different & 
groups of animals whose 


mode of life is similar. 

The most distinctive fea- 
ture of pterodactyles is to 
be found in the modifications of the bones of the 
fore limbs for the purposes of supporting a wing, which 
took the form of a membranous expansion of skin 
analogous to that constituting the wings of bats. This 
wing was mainly supported by the great elongation of 
the bones of the outer digit, or finger, of the fore limb, 
as shown in the accompanying figure of the skeleton, 


SKELETON OF PTERODACTYLE 


The creature is lying on its back, with the head bent to the left. 
bone; 4, haunch-bone, or ilium. 


and likewise in the restored representation of one of 
these reptiles. The mesgbrane thus supported seems 
to have been continued backwards along the sides of the 
body to include the upper portions of the legs, between 
which it was extended to embrace the base of the tail 
in those forms in which the latter appendage was fully 
developed. Moreover, in the long-tailed species the 
extremity of the tail itself 
was provided with a racket- 
shaped expansion of mem- 


brane, which may have 
served the purpose of a 
rudder in flight. If it be 


asked how the presence of 
such membranes is known, 
it may be answered that 
in many of the specimens 
of these reptiles entombed 
in the fine-grained litho- 
graphic limestones of Ba- 
varia the actual impressions 


of these membranes have 
been preserved. The elon- 
gated outer finger of the 
wing had no claw at the 
extremity, although the 
other three fingers were 


thus provided. With regard 
to the first finger, or the one 
corresponding to the human 
thumb, this may have been 
represented by the small 
splint-like bone seen depend- 
ing from the wrist in the 
| . figured skeleton. 

: The hind limbs present 
no special peculiarities, but, 
as most of the bones of the 
skeleton were hollow and 
permeated by air, like those 

. of birds, it may be inferred 
that the lungs were prob- 
ably also constructed after 
the bird-fashion. The verte- 
bre of the neck resembled 
those of living crocodiles in having a ball at the hind 
end of the body and a cup in front. In general 
conformation the skull was remarkably bird-like, the 
snout being produced into a beak, which in some cases 
was provided with teeth, while in others, as shown in the 
figure on page 1470. it was toothless, and probably 
ensheathed during life with horn. Bird-like features 


a left pelvic 
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RESTORATION OF THE GIANT PTERODACTYLE 


hones ee 4 ; ‘ ; e lee 
"This restoration of the giant pterodactyle, whose remains are found in the upper Cretaceous beds of Kansas, is to be seen in the grounds of Herr Cari 
Hagenbeck’s park at Stellingen. 


1497 


HARMSWORTH NATURAL HISTORY 


are likewise shown by the large size of the brain-case, 
of which the component bones were fused together, and 
also by the union of the extremities of the two branches 
of the lower jaw. 

Pterodactyles flourished during the greater part 
of the Secondary period, dating from the epoch of 
the Lias,and continuing to the close of the one during 
which the Chalk was deposited. They are represented 
by several  well- 
marked types, / 
which may be 
arranged under 
ti ree™ famirkay | 
groups. 

In the typical 
pterodactyles 
(Pterodactylus, etc.) 
the jaws were pro- 


Another curious feature of the giant pterodactyle 
is the presence in the socket of the eye of a ring of 
bones, comparable to those found within the eyes of 
birds. The existence of this ‘“‘sclerotic”’ ring of 
bones in the eye of the larger pterodactyles is a well- 
marked instance of a parallel adaptive character, 
for it is unknown in the smaller members of the group, 
and since, as already mentioned, pterodactyles have 
no relationship 
with birds, it must 
evidently have 
been acquired in- 
dependently in the 
two groups. An- 
other instance of 
the same kind is 
the’ loss of the 
teeth in both these 


vided with teeth— . groups; the more 
which may, how- primitive birds, 
ever, have been} like the _ oldest 
very small in size | pterodactyles, 
and few in number f having the jaws 

while the skull, tc armed with a full 
as shown in_ the RESTORATION OF A LONG-TAILED PTERODACTYLE series of sharply- 


figure of the skele- 
ton, was not produced backwardly, and the tail was re- 
duced toarudiment. Themembers of this group, which 
are common in the Oolitic rocks of the Continent, vary in 
size from the dimensions of asparrow to those of an eagle. 
The largest member of the group is Ptevanodon 
longiceps, of the upper Cretaceous beds of Kansas, 
the Transatlantic equivalents of the Chalk, which 
belongs to the group in which the jaws are devoid 
of teeth, so that during life they were doubtless en- 
cased in horn, like the beak of a bird. In size it must 
have exceeded the largest albatross, the span of wing 
being no less than 25 feet, while the skull is little short 
of 40 inches in length. The latter dimension is, 
however, calculated to give a somewhat exaggerated 
idea of the size of this monstrous ‘‘ dragon,’’ for, 
according to the restoration, the skull is extended 
nearly as far behind the vertebral column as it is in 
front. In fact, this part of the skeleton resembles 
a crutch-stick or a pickaxe, the vertebral column 
forming the stick itself and the skull the cross-bar. 


pointed teeth. 

Lastly, there are the long-tailed pterodactyles 
(Rhamphorhynchus, etc.), which are likewise of Oolitic 
and Liassic age, and are at once distinguished, as shown 
in the restoration, from the members of the preceding 
group by the fully-developed tail. These long-tailed 
species are evidently the most generalised members of 
the order ; and the retention of the tail in the general- 
ised group and its loss in the more specialised one 
presents an exact parallelism to the case of ordinary bats 
and the more highly-developed fruit-bats. 

Pterodactyles of all kinds doubtless fed, like gulls 
and cormorants, on fish, and at first sight it might 
seem that toothed jaws would be much better adapted 
to hold such slippery prey than is a smooth, horny 
beak. It has, however, to be borne in mind that 
although such toothed jaws would ensure the reten- 
tion of every fish captured, yet they would prove a 
decided hindrance to its being swallowed quickly 
and easily. Possibly, indeed, it would have been 
necessary for a toothed bird or a toothed ptero- 


SKELETON OF GIANT PTERODACTYLE 


Apparently this backward extension of the occipital 
region of the skull must have been intended to act 
as a counterpoise to the huge beak, although if large- 
billed birds like the adjutant stork can manage to get on 
without such a structure it is difficult to imagine why it 
should be necessary in the case of the pterodactyle. 


dactyle to resort to the shore before being able to 
devour its prey; and if this be the case there is a 
ready explanation of the reason why both birds and 
pterodactyles discarded teeth in favour of a horny 
beak, which enabled them to bolt their food while 
on the wing. 
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ORDER RHYNCHOCEPHALIA 
LUATERAS 


HE reptiles included in this and the next order 
are almost entirely extinct, including, indeed, only 
a single existing species, and attained their maximum 
development at a comparatively early stage of the 
earth’s history, being well developed in the Triassic 
period, which forms the basis of the great Secondary 
epoch. Although in many cases exhibiting specialised 
developments, they are essentially a primitive type, 
exhibiting relationships on the one hand with the 
parasuchian crocodiles, and on the other with certain 
groups of early salamanders. 

The lzard-lke reptile known to the Maori as the 
tuatera, which is now confined to certain small islands 
off the north-east of New Zealand, is not only the most 
remarkable of all existing reptiles to which the term 
lizard can be applied, but is the sole living representa- 
- tive of a distinct family, as well as of an entire order ; 
and the difference between it and an ordinary lizard 
immeasurably exceeds that by which the latter is 
separated from a serpent. As an order tuateras may 
be characterised as follows. 

Externally most of them appear to have been 
more or less lizard-like ; and, as in their living repre- 
sentative, the body was probably covered above with 
small granular scales intermingled with tubercles. 
The skull differs essentially from that of lizards in 
having the quadrate-bone immovably fixed by the 
upper end to the adjacent bones, and likewise by 
having both an upper and a lower temporal arch. 
The hind portion of 
the palate is formed 
by the union of the 
pterygoid bones, 
which, generally, at 
least, extend for- 
wards to meet the 
vomers, and thus 
divide the pala- 
tines; while the 
anterior upper jaw- 
pomes, “or \pre- 
maxille, remain 
separate from each 
other. The teeth, 
of which some are 
on the palate, are 
not implanted in 
distinct sockets, 
Aaa cersOnb en 
welded to _ the 
summits of the 
jaws. 

In the trunk the 
ribs articulate to 
the vertebre by 
single heads, and often have hook-like processes 
similar to those of birds; while on the lower surface 
of the body so-called abdominal ribs are always 
developed, forming a shield composed of a number 
of segments, and comparable to the plastron of the 
tortoises. The bodies of the dorsal vertebre are 
hollowed at both articular ends. Additional segments, 
known as intercentra, are developed between the 
vertebra, and the tail is provided with V-shaped 
chevron-bones suspended between adjacent vertebre. 

Each foot carries five toes, and the humerus, or upper 
arm-bone, is perforated on the inner side of its lower 
extremity. That tuateras form a very primitive 


THE TUATERA 


group 1s clear, not only from their structure, but from 
their antiquity, representatives of the order occurring 
in the Permian strata, immediately overlying the 
Carboniferous, or coal-bearing, rocks. 
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The single existing representative of the order 
(Sphenodon punctatus) forms a family, Sphenodontide, 
by itself, and likewise is the representative of a distinct 
suborder, Rhynchocephalia vera, characterised by each 
segment ot the shield on the lower surface of the body 
being formed of only three elements, of which the middle 
one is chevron-shaped, and likewise by the presence 
of two vertebre in the sacrum, and the occasional 
suppression of the intercentra. Typically the fifth 
metatarsal bone of the hind foot is reduced in length 
and thickened in the same manner as in lizards. 

The group is further characterised by the double 
nostrils, the union of the two branches of the lower 
jaw by cartilage, and the deeply-hollowed articular 
surfaces of the vertebre. From its extinct allies the 
family is distinguished by the presence of a perforation 
on each side of the lower end of the humerus and of 
hook-like processes to the ribs, as -well as of inter- 
centra, or additional segments between the bodies 
of the vertebre ; and likewise by the beak-like pre- 
maxillary bones carrying a pair of somewhat chisel- 
like teeth, and the presence of only a single row of 
teeth on the palate, separated by a groove from the 
row affixed to the 
edge of the upper 
jaw. Into this groove 
are received the 
teeth and upper edge 
of the lower jaw, 
which in very old 
individuals becomes 
as hard and polished 
as the teeth them- 
selves, the latter 
being more or less 
completely worn 
away in extreme old 
age. On the upper 
surface of the skull 
is a large vacuity, 
or foramen, in the 
parietal bones, 
known as the 
pineal, or parietal, 
foramen. 

In external ap- 
pearance the tua- 
tera is lizard-like, 
the body being 
slightly and the long tail strongly compressed ; while 
the limbs carry five toes, all furnished with claws, and 
connected at their bases by webs. There is no external 
opening to the ear, and the large eye has the pupil 
vertical. On the upper parts the skin is clothed with small 
granular scales, intermixed with tubercles ; anda crest 
of spine-like scales runs from the hind part of the head 
down the middle of the back, continued in a smaller de- 
gree of development down the tail; while inferiorly there 
are large squarish scales arranged in transverse rows. 

Attaining a length of about 20 inches, the tuatera 
is olive or blackish in ground-colour, upou which are 
small yellowish dots, while the lobes of the crest on 
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the neck and back are likewise of the latter colour. 
The perforation in the parietal bones of the skull 
just referred to covers a rudimentary eye, which, 
although now functionless, was probably ‘a working 
organ in the ancestors of the vertebrates. 

In the adult tuatera this eye is better preserved 
than in any other animal, and its development has 


undergone less modification than in other reptiles. 
The first indication of its appearance is seen at a 


stage comparable with a two-day-old chick, when a 

‘primary parietal vesicle ’’ buds on the roof of the 
fore brain slightly to the left of the median line. At 
a later stage “the eye forms a hollow vesicle in front 
and slightly to the left of its so-called ‘ stalk ’’—the 

‘ parietal stalk,’’ which is a finger-sh aped diverticulum 
of the root of the fore brain, practically in the middle 
line. The eye is almost or completely separated 
from the stalk, which contains a prolongation of the 
cavity of the brain. The “ paraphysis’’ likewise 
makes its appearance at this stage, as a backwardly- 
directed outgrowth of the root of 
the fore brain. 

Later still the parietal eye and 
stalk are conspicuous externally ; 
while immediately before hatching 
the eye, which is now apparently 
median, is seen as a white spot 
with a black border, the latter 
representing the pigmented margin 
of the retina and the former the 
lens. In the adult the eye, though 
very highly organised, is no longer 
recognisable externally; but in 
recently-hatched individuals is 
still visible as a dark speck 
through the translucent skin 
covering the parietal foramen. 

The evidence in favour of the 
originally paired character of the 
parietal eye is derived principally 
from the fact that it arises to the 
left of the median line, while the 
stalk is practically median, and 
therefore slightly to the right of 
the eye. Accordingly the parietal 
eye in Sphenodon is regarded as 
the left of the original pair, while 


feed on living organisms. During the southern summer 
(November to January) the females lay about ten 
white, oval, hard-shelled eggs, which are placed in the 
sand and hatched by the sun’s heat. In their move- 
ments tuateras are sluggish, and quite unable to run. 


EXTINCT TUATERAS 


In the Jurassic rocks of Europe there occur remains of 
reptiles allied to-the modern tuatera, but constituting a 
distinct family (Homwosauride) typically represented 
by the genus Homeosaurus. These have no tusk-like 
teeth in the front of the jaws, and the lower end of the 
humerus has a perforation only on its inner side, and 
there are no intercentra between the vertebre of the 
baek, and no hook-like processes to the ribs. 

Another family (Ithynchosauride) is typified by the 


genus Ihynchosaurus, from the Trias, or New Red 
Sandstone, of England, and is characterised by the 


beak being toothless and probably sheathed in horn ; 
the palate having two or more longitudinal rows of 
teeth separated by a groove. 

From the preceding families 
these-xeptiles differ by having only 
a singte aperture to the nostrils, 
and by the bony union of the two 
branches of the lower jaw ; while 
the articular surfaces of the verte- 
bre are nearly flat. Moreover, 
there is no vacuity in the middle 
of the top of the skull for the 
pineal eye. In the typical genus 
there is a single row of teeth on 
the inner side of the groove of the 
palate, but in the pavement- 
toothed tuateras (Hyperodapedon) 
there were numerous rows, as 1S 
shown in the illustration B. The 
extremity of the beak in each jaw 
formed two curved tusk-like pro- 
cesses, which diverged in the lower 
one. A lower jaw from the Jurassic 
of Wyoming, described as Opisthias 
vavus, appears to indicate a tuatera 
allied both to Sphenodon and 
Homeeosaurus. 


PROTOROSAURIA 


the right one is represented by | The Permian rocks of Europe, 
the parietal stalk. The origin of == : which underlie the Trias. and 
the latter appears to be precisely SKULL OF HYPERODAPEDON overlie the Coal-measures, yield 
similar to that of the former; 4, superior aspect; 8, palate; c, under surface of frontof remains of genera, such as 


while the two have also a very 
similar structure, although the stalk never ac quires the 
same degree of perfection as the eye. 

Both in Sphenodon and in lizards the epiphysis, or 


pineal gland, is a composite structure, in which the 
paraphysis takes a large share, whereas the parts 


comparable to the epiphysial outgrowths of fishes form 
but a small one. In lizards the stalk may represent 
either the right or the left parietal eye. | Beyond that 
of fellowship, the parietal eye has no real connection 
with the parietal stalk, being supplied with a special 
nerve of its own quite distinct from the stalk. Finally, 
it has been inferred that the ancestors of existing 
vertebrates were furnished with a pair of parietal eyes, 


which may have been serially homologous with the 
existing pair of functional eyes. 
Tuateras formerly inhabited the main islands of 


New Zealand, where they have been destroyed by pigs 
and other animals. They live in burrows, to which they 
retire on the approach of danger. They are mainly 
nocturnal, and are fond of water, in ee hs they can 
remain for hours without coming to the surface. They 


lower jaw 


Pyotorosaurus and Paleohatteria, 
differing markedly from the foregoing, and constituting 
a second suborder (Protorosauria) of the Rhyncho- 
cephalia, characterised by the complex nature of the 
bones forming the shield on the lower surface of 
the body, by the fifth metatarsal bone of the hind 
foot being of an ordinary type, and likewise by the 
lower bones of the pelvis being expanded into large 
flattened plates, instead of being comparatively 
narrow. In the genus first named, the vertebre 
of the neck have cup-shaped articular surfaces behind 


and balls in front, but in the other the articular 
surfaces of the vertebre are slightly cupped at each 
end throughout the series. In both groups inter- 


centra are present. 

This group appar ently passes imperceptibly into the 
Microsauria among the primeval salamanders, in which 
the body was armoured, the vertebra were completely 
ossified, and the ribs two-headed. 

The Acrosauria, as represented by the Jurassic Acro- 
saurus, may form a third subordinal group of the 
Rhynchocephalia. 
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PEEYCOSNORS 


A®° UT 1878 the distinguished naturalist Professor E. D. 

Cope brought to the notice of the scientific world 
remains of certain remarkable carnivorous reptiles from 
the Permian strata of Texas, for which he proposed the 
group-name of Pelycosauria. This group was at the 


time regarded as a suborder of the Rhynchocephalia, 


ee ER 


and was provisionally taken 
to include the carnivorous 
mammial-like reptiles of 
South Africa and Russia. 
Among the more typical 
representatives of the pely- 
cosaurs are the members of 
the genera Dimetrodon and 
Naosaurus, extraordinary rep- 
tiles in which the dorsal 
spines of the trunk-vertebre 
are so enormously elongated 
(sometimes with the addition 
of transverse yard-arm-like © 
projections) that they exceed 
in height the depth of the | 
body below them. These | 
elongated spines appear to 
have supported during life a | 
vertical sail-lke expansion of | 
the skin of the back. 

Dimetrodon was carni- 
vorous, while Naosaurus was 
probably omnivorous. The 
latter has, perhaps, the most wonderful dentition of any 
known animal, the incisor teeth being sharp and chisel- 
shaped, such as might be suited for cutting vegetable 
substances, while behind these are five pairs of sharp 
triangular cutting teeth, these being followed by simple 
cones suited to holding a struggling victim. On the 
palate and the heavy opposing portion of the lower jaw 
are plates of bone covered by short, stumpy teeth 
of a type found in mollusc-eating fish. Although prob- 
ably omnivorous, Naosaurus, instead of possessing a 
dentition of a generalised type, like that of man or a 
pig, had a_ special 
set of teeth for each 
kind of food. 

As to the system- 
atic position of these 
reptiles and_ their 
kindred, _consider- 
able diversity of 
view has obtained. 
By many naturalists 
they are classed with 
the carnivorous 
mammal-like rep- 
tiles, or anomodonts, 
but this, according 
to modern ideas, is 
altogether unjustifi- : 
able, the structure of the temporal arches in the two 
groups being different. It therefore seems best to 
revert to the original view that pelycosaurs form a 
primitive section of the rhynchocephalans. 

The group is of special interest as illustrating, perhaps 
better than any other, the rapid evolution from a 
generalised type to a complex organisation that may 
have been the potential cause of early extinction, the 
life of these reptiles being coterminous with the duration 
of the Permian epoch. Why these specialised structures 


RESTORATION 


SKELETON OF 


were evolved within such a comparatively short time is 
a subject upon which it is only possible to conjecture. 
Carnivorous or omnivorous in habit, and easily masters 
of their contemporaries, these reptiles, it has been 
suggested, may have developed the tall spines of their 
vertebre as the result of a mere exuberance of growth 
from a utilitarian beginning ; 
but that these structures 
eventually became useless 
cannot be doubted. 

That pelycosaurs existed 
elsewhere than in North 
America is proved by the 
occurrence of remains of the 
American genus Naosaurus in 
the Permian of Bohemia and 
of the exclusively European 
Stereorhachis in that of 
France, while certain reptiles 
from Central Germany may 
also belong to the group. 
On the other hand, they are 
unknown in South Africa or 
India, and it is improbable 
that they are represented in 
the Russian Permian. If this 
be so, pelycosaurs are un- 
known in any country where 
anomodonts (in the wider 
sense of that term) occur, so 
that the two groups may apparently be regarded as 
belonging to totally distinct faunas, in some respects 
complementary to one another. 

Certain extinct marine reptiles from the Triassic 
(Upper New Red Sandstone) deposits of California have: 
been regarded as representing a distinct order, the 
Thalattosauria, typified by the genus Thalattosaurus. 
In many respects these reptiles resembled ichthyosaurs, 
or fish-lizards (referred to later on), having the eye 
similarly furnished with a ring of bony plates. They 
are, however, broadly distinguished by the structure 
of the temporal 
region of the skull, 
which has an upper 
and a lower bony 
arch, and likewise 
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DIMETRODON 


by the character 
of the dentition, 
which takes the 
form of flattened 


crushing teeth, 
some of which are 
situated on the 
palatine and vome- 


rine bones. From 
these .and other 
OF “NAOSAURUS features, the tha- 
lattosaurs appear 


to be most nearly allied to the tuateras, to which they 
seem to present the same kind of relationship as is 
borne by the extinct sea-serpents (Pythonomorpha) 
to lizards. If this be so, the Thalattosauria might, 
perhaps, be best regarded as a suborder of Rhyn- 
chocephalia. Be this as it may, the special interest 
attaching to the group is the evidence it affords of 
the independent adaptation of this type of reptile to 
the exigencies of a marine existence, and this, too, at 
an early period of the earth’s history. 
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CHARACTERISTICS OF SGALED” REP DIErS 


LTHOUGH in popular language the term lizard is 
applied to any four-legged reptile, exclusive of turtles 
and crocodiles, in scicntific usage it is more convenient 
to restrict it to those members of the great group of 
scaly reptiles which do not come under the designation 
of either chameleons or serpents, whether they are 
provided with legs, or whether they lack those append- 
ages. Formerly, indeed, lizards and chameleons 
were regarded as constituting an order by themselves 
quite apart from snakes, but the two groups are now 
known to be so intimately connected as to render any 
such division inadmissible ; and they are accordingly 
placed in a single order, known as scaly reptiles, or, 
technically, Squamata. Structurally this ordinal group 
differs widely indeed from any of those hitherto treated, 
and as it is essential to gain a correct idea of such 
structural differences, they may first be taken into 
consideration. 

Taking their name from the coat of overlapping 
horny scales with which they are generally invested, 
the scaly reptiles are primarily distinguished from all 
the foregoing groups by the circumstance that the 


quadrate-bone is more or less movably articulated to 
and has its lower end projecting freely 
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the skull, 
therefrom, instead of being 
wedged in among the other bones. 

To this primary point of distinction it may 
be added that the lower temporal arch of 
the skull is wanting, so that there is no bony 
bar connecting the lower end of the quadrate- 
bone with the upper jaw, as there is in the 
crocodiles ; the absence of this bar being shown 
in the figure of a lizard’s skeleton on the next 
page. Then, again, the palate, instead of being 
more or less completely roofed over by bone, 
is largely open, its bones taking the form of 
long bars. In some lizards, as in the one of 
which the skeleton is figured, the upper 
surface of the skull is covered by bone, so 
that the temporal pits are roofed over by a 
superficial layer of bones. 

Another important feature of the order is to be found 
in the circumstance that the ribs in the region of the 
back are single-headed, and articulated to the backbone 
by means of a facet situated on the body of each 
vertebra. This feature at once distinguishes the order 
from crocodiles and dinosaurs, in which the ribs are 
two-headed, and in the back articulate to a long process 
arising from the arches of the vertebre. In most of 
the members of the order the body of each vertebra 
has a cup in front and a ball behind, by which it 
articulates with the adjacent segments of the column 

—an arrangement paralleled among modern crocodiles. 
In some lizards, and in all snakes, the vertebra 
have additional surfaces on their arches for mutual 
articulation, thus communicating additional flexibility, 
and at the same time strength to the backbone. 

Another important feature in which the order differs 
from most of the preceding ones is the absenceof any 
system of true abdominal ribs on the inferior surface 
of the body. As regards the teeth, these, instead of 
being implanted in separate sockets, are firmly soldered 
to the bones of the jaw. In some cases they are 
attached to the very summit of the jawbones, when 
the dentition is said to be acrodont ; but in others they 
are affixed to one of the side-walls of the free edges of 
the jaws, and the term plewvodont is then employed. 
Another divergence from crocodiles is to be found in 


immovably 


LEFT SIDE OF VER- 
TEBRA OF SNAKE 


d, facet for rib; 
gosphene, fitting into the 
zygantrum of the verte- 
bra in front ; ze prezyga- 


pophy sis 


the circumstance that the vent opens by a transverse 
instead of a longitudinal aperture. Finally, in those 
forms in which the bones of the chest attain their 
fullest development, there is a breast-bone, or sternum, 
a pair of collar-bones, or clavicles, and a median T- 
shaped interclavicle. 

The above being the leading characteristics of the 
entire order of scaly reptiles, ‘it remains to consider 
how lizards, suborder Lacertilia, are distinguished from 
the other two suborders’ into which the existing 
members of the assemblage are divided. Externally 
by far the greater number of lizards are four-limbed 
reptiles of a crocodile-like appearance, with the head, 
neck, body, and tail well distinguished from one 
another ; and if there were these alone to deal with, 
there would be no difficulty in distinguishing between 
a lizard and a snake. 

The matter is, however, complicated by the circum- 
stance that certain lizardSslike the familiar slow-worm, 
have lost all external traces of limbs, and assumed an 
elongated snake-like form, with the head passing 
imperceptibly into the body without the intervention 
of a distinct neck, or any external indication of where 
the body ends and the tail begins. Externally such 
snake-like lizards are very difficult to distin- 
guish from snakes, but on opening the mouths 
of the former it will be found that the tongue 
cannot be withdrawn into a sheath at its base, 
as is always the case with the latter. Further 
help in discriminating between the two groups 
is afforded by the circumstances that whereas 
snakes have neither eyelids nor external ear- 
openings, both these are usually, although 
not invariably, present in limbless lizards. 

As additional distinctive features of the 
present group, by means of which they can 
be distinguished from snakes on the one 
hand and from chameleons on the other, the 
following points may be noticed. In all lizards 
the two branches ot the lower jaw are united 
at the chin by means of a bony suture; while in 
all the species furnished with limbs collar-bones are 
present ; and when the limbs are absent, some traces 
of the bones forming what is known as the shoulder- 
girdle persist. In form the tongue is flattened. In 
most of the members of the suborder the upper surface 
of the body is clothed with the overlapping scales 
characteristic of the order in general, these scales being 
in some cases underlain by bony plates; but in most 
geckos the upper scales are granular, although some- 
times juxtaposed. 

Numerically, lizards are by far the most abundant 
of all reptiles at the present day, the total number of 
species not falling far, if at all, short of seventeen 
hundred, which are arranged under twenty distinct 
families. In this abundance at the present day, 
coupled with the specialised features of the greater 
part of their organisation, lizards may be regarded as 
occupying a very similar position in the reptilian class 
to that held by the perching-birds in the preceding class. 

With the exception of the polar and subpolar zones, 
lizards are distributed over the whole globe, ranging 
in some districts from the level of the sea to the limits 
of eternal snow, and found alike in fruitful and barren 
districts, in the neighbourhood of water and in the 
most arid deserts. Whereas, however, in the colder 
region they are poor in species and small in size, in 
the tropics and subtropical regions they attain their 
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maximum development as regards numbers, bodily 
size, richness of colour, and peculiarity of form. ; 

As regards their distribution over the surface of the 
globe, lizards present a most remarkable difference 
from that which obtains among amphibians (frogs, 
newts, etc.), and, to a less degree, among tortoises. 
For instance, whereas amphibians, and to some extent 
tortoises, have their distributional areas defined 
equatorially, such lines of division, in the case of the 
present group, must be drawn meridionally. In the 
case of amphibians, for instance, one great distribu- 
tional province includes Europe, Asia, and Northern 
America, and the second embraces the regions lying 
south of the Equator; whereas in the case of lizards 
one area marked by peculiar forms includes the Old 
World and Australia, and the other area comprises the 
whole of America. 

As already noticed above, the distribution of 
tortoises approximates to the former type, all the side- 
necked group being confined to the Southern Hemi- 
sphere. Again, it is noteworthy that whereas Tropical 
Africa is closely related to Tropical India as regards its 
amphibians, while Australia and Africa are near akin 
to South America in regard to their tortoises, in respect 
of lizards there is no close connection between India 
and Africa, but an intimate relationship exists be- 
tween India and Australia, where members of the 
same genera occur, while the Australian lizards 
are totally unlike their South American cousins. 

As might have been , — 
expecied (from their | 
great numerical pre- , 
ponderance at the pre- © 
sent day, lizards appear | 
to be a comparatively | « ga 
modern _ group, their; 4 
remains being rare inthe | ¢ 
lower Tertiary deposits, 
while in the Secondary | bs, 
period they are onlyknown —— 
by a few species from the aes 
rocks of the Cretaceous 
epoch. Thatthe group has originated from the tuateras, 
which were so abundant in the earlier strata of the 
Secondary period, may be regarded as most probable. 

Turning to their mode of life, it may be noticed that 
while a few members of the order resemble crocodiles 
in spending the greater portion of their time in water, 
visiting the land only for the purposes of feeding, 
sleeping, or basking in the sun, by far the great majority 
of lizards are essentially land-animals, avoiding even 
damp situations. Although some inhabit trees, the 
greater number dwell either on the ground or among the 
clefts of rocks; the conformation of the body generally 
giving some indication of this diversity of habitat. 

Among the land forms, for instance, those with de- 
pressed bodies are generally to be found in open 
sandy deserts, where they seek shelter either beneath 
stones or in holes; whereas such as have the body 
compressed are more usually dwellers among bushes 
or in trees. Those, again, in which the body is more 
or less cylindrical are in the habit of secreting them- 
selves in the clefts of rocks or the chinks of tree-stems ; 
while the snake-like kinds live on the ground, and those 
with a more worm-like form beneath its surface. _ 

The movements of the greater number of species— 
whether they live on the ground, among rocks, on 
trees, or on cliffs or walls—are agile in the extreme ; 
and while the majority run with their bodies close to 
the ground, many habitually raise themselves up at 
times by resting on their hind legs and tails, and are 
able to spring, either on the ground or from branch to 
branch, to a considerable distance after their prey. 
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Of the arboreal species, some make use of their tails 
to aid in maintaining their hold, while others, to- 
gether with cliff-dwelling and wall-hunting species 
like geckos, are enabled to run along the under sides 
of boughs, or to ascend vertical surfaces by the aid of 
their expanded and disc-like feet. 

The peculiar flying lizards are enabled to take long, 
flying leaps, supported by a parachute-like membrane 
borne by the expanded ribs; while all the limbless 
species move somewhat after the manner of snakes, 
although making less use of the extremities of the ribs. 
The few aquatic forms swim and dive without the aid 
of webbed feet, but many other kinds swim well if 
thrown into water. 

In many cases elegant and graceful in form, although 
in others rendered more curious than beautiful by the 
presence of spines or warts, lizards are pleasing rather 
then repulsive animals; and, with the exception 
of the American heloderms, none is _ poisonous, 
although some will bite sharply. Few lizards possess 
a distinct voice, the majority merely uttering a low 
hiss; some, however—especially among those whose 
habits are nocturnal—emit a clear, sharp cry, which 
has been likened both to the scream of a frog and to 
the chirp of a cricket. Of their senses, the most acute 
is doubtless that of sight, next to which probably comes 
hearing. Inregard to diet, afew lizards are strictly herbi- 
vorous, but the great majority are more or less completely 
carnivorous, the larger species feeding on small mammals, 

- moumemsas, birds and their eggs, other 
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reptiles, and, more rarely, 
frogs and fishes, as well as 
many kinds; of inverte- 
_ brates. The smaller mem- 
bers of the order, on the 
other hand, are restricted 
_ mainly or entir ly to an 
_ invertebrate diet, a great 
_ portion of which co sists 
of insects, worms, and land 
' molluscs. Nearly all drink 
by rapidly protruding and 
withdrawing the tongue; dew affording sufficient moisture 
to those living on rocks or in trees, while some kinds can 
exist for long periods, or even entirely, without drinking. 

The species inhabiting the warmer regions, save 
those which are arboreal or aquatic in their habits, 
pass the hottest and driest season of the year in a state 
of torpor; but those in colder regions regularly 
hibernate, such hibernation in the case of some of the 
species inhabiting the continent of Europe lasting for 
a period of from six to eight months. As regards their 
breeding habits, the majority of lizards lay eggs, 
which may vary from two to thirty in number, and have 
generally a soft and leathery covering, although some- 
times furnished with a hard, calcareous shell. 

One peculiarity is the facility with which they are 
enabled to reproduce lost parts, and more especially the 
tail. In many lizards, when handled, the tail breaks 
off without any rough usage, and will readily come in 
two if pulled when the creature is seeking to escape, 
this being due to a cartilaginous band across each 
vertebra of the tail in the case of the common lizard of 
England. Such missing portion of the tail is speedily 
reproduced, it may be double; but whereas among 
the members of the typical family of the order the 
scaling of the reproduced portion is like the original, 
in other forms this is not the case; and when the 
pattern of the scaling of such a new tail differs from 
the original, it always reverts to that characterising 
a less specialised and probably ancestral group. In 
such an assemblage, only a small percentage of species 
can be mentioned. 
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ORDER 
Scaled Reptiles—Squamata 
SUBORDER 1 
Lizards—Lacertilia 
FAMILY 1 
Geckos—Geckonide 
GENUS 1 
Ptyodactylus 
SPECIES 
Lobe-footed gecko...... Ptyodactylus lobatus 
GENUS 2 
Hemidactylus 
SPECIES 
Turkish gecko. ...¢.:. Hemidactylus 
GENUS 3 
Ptychozum 
SPECIES 
.Ptychozoum homalocephalum 
GENUS 4 
Tarentola 
SPECIES 
WRC GOGIO Se: eats sive gute Tarentola mauritanica 


OF 


turcicus 


Fringed gecko. 


Uroplates 
SPECIES 
En Oh Uroplates fimbriatus 
GENUS 6 
Stenodactylus 
SPECIES 
Slender-fingered gecko 
FAMILY 2 
Eublepharid& 
GENUS 
Eublepharis 
SPECIES 
Hardwicke’s gecko....Eublepharis hardwickei 
FAMILY 3 
Scale-footed Lizards—Pygopodide 
GENts 1 
Lialis 
GENUS 2 
Pygopus 
SPECIES 
PERID-1UOE  taes cows s vOpib~ sy Pygopus lepidopus 
FAMILY 4 
Agama Lizards—Agamide 


Bark-gecko 


GENUs 1 
Flying Lizards—Draco 
SPECIES 
Malay flying lizard ............ Draco volans 
GENUS 2 
Changeable Lizards—Calotes 
SPECIES 
Changeable lizard .......... Calotes versicolor 
Indian changeable lizard ....C. ophiomachus 
GENUS 3 
Charassia 
SPECIES 


....Charassia blanfordiana 
GENUS 4 
Chamee'eon Lizard—Gongocephalus 
SPECIES 
Chameeleon lizard ............ Gongocephalus 
chameleoninus 


Blanford’s lizard 


GENUS 5 
Ceylon Horned Lizards—Ceratcphora 


GENUS 6 
True Agamas—Agama 
=PECIES 
BSINCGARBIDS cab «ec dak ined Agama armata 
Bi ge a A. colonorum 
Rupell’s spiny agama............/ A. ruepelli 
Rough-tailed agama................/ A. stellio 
GOUCHUIATE AZAINA. cece deere ca wed A. caueasica 
Small-scaled agama .......... A. microlepis 
PERIMENT Te See anc+ fc ss oateweded A. agilis 
GENUS 7 
Phrynocephalus 
GENUS 8 
Chlamydosaurus 
SPECIES 


Australian frilled lizard ..Chlamydosaurus kingi 
GENUS 9 
Lophurus 
SPECIES 
Fin-tailed lizard........Lophurus amboinensis 
GENUS 10 
Spiny-tailed Lizards—Uromastix 


SPECIES 
Arabian spiny-tail........ Uromastix spinipes 
Ornate Spitty-tall . 56.06. eee eee en U. ornatus 
Persian spiny-tail ..........:... U. microlepis 
U. loricatus 
VSIRTIE BPTI V UCI wna, ccgrais aie aimicim oie op U. asmussi 
Hardwicke’sspiny-tail.......... U, hardwickei 

GENUS 11 

Aporocelis 


LACERTILIA MENTIONED IN THIS WORK 


SPECIES 
Bast African spiny-tail ....Aporoscelis princeps 
Somali'spiny-tall .. 2... ones aed A, batill.ferus 
GENUS 12 
Moloch 
SPECIES 
Moloch lizard vcctor b etriensierate Moloch horridus 


FAMILY 5 
Iguanas—Iguanidee 
GENUS 1 
Anolis Iguanas— Anolis 
SPECIES 
Red-throated anolis........Anolis carolinensis 
Grasted Mnolsctsics we cee eulewerea te A. cuvieri 
A. equestns 
GENUS 2 
Xiphocereus 
GENUS 3 
Chameelolis 
GENUS 4 
Basilisks—Basiliscus 


SPECIES 
Helmeted basilisk ...... Basiliseus americanus 
Banded PAsSwWa  deaccannietioee es B. vittatus 


B. galeatus 
GENUS 5 
Ridge-headed Iguanas—Corythophanes 
SPECIES 
Ridge-headed iguana Corythophanes hernandezi 
GENUS 6 
Uranistodon 
SPECIES 
Stilted iguana .......... Uraniscodon umbra 
GENUS 7 
Amblyrhynchus 
SPECIES 
Galapagos sea-iguana Amblyrhynehus cristatus 
GENUS 8 
Conolophus 
SPECIES 
Galapagos land-iguana Conolophus subcristatus 
GENUS 9 
Typical Iguanas—Iguana 
SPECIES 
Te ME NE s. Sreca eine se ces Iguana tuberculata 
GENUs 10 
Rhinoceros Iguana—Metopoceros 
SPECIES 
...-Metopoceros cornutus 
GENUS 11 
Cyclura 
SPECIES 
Ayre otek. 6 5 Cyclura carinata 
GENUS 12 
Brachylophus 
SPECIES 
Wijian iguana. ....i.... Brachylophus fasciatus 
GENUS 13 
Ctenosaura 
SPECIES 
Black-tailed iguana ....Ctenosaura acanthura 
GENUS 14 


Rhinoceros iguana 


Ring-tailed iguana 


Horned Iguanas—Phrynosoma 
SPECIES 
Horned iguana ........ Phrynosoma cornutum 


FAMILY 6 
Girdle-tailed Lizards—Zonuridxe 
GENUS 1 
Girdle-tailed Lizards—Zonurus 


SPECIES 
Cape girdle-tailed lizard......Zonurus cordylus 
GENUS 2 
Chamesaura 


FAMILY 7 
Slow-worm Tribe—Anguidse 
GENUS 1 
Scheltopusiks—Ophisaurus 
SPECIES 
Sine way Ophisaurus apus 


Scheltopusik g 
Americin scheltopusik .......... O. ventralis 
GENUS 2 
Gerrhonotus 
GENUS 3 
Slow-worm—Anguis 
SPECIES 
Si pkERMO RAR ee Anguis fragilis 
FAMILY 8 
Poisonous Lizards—Helodermatid 
GENUS 1 
Heloderma 
SPECIES 
Mexican poisonous lizard Heloderma horridum 
Arizona poisonous lizard........ H. suspectum 
GENUS 2 
Lanthanosaurus 
SPECIES 
Bornean lizard....Lanthanosaurus bornéensis 
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Slow-worm 


FAMILY 9 
Monitors—Varanidze 


GENUS 1 
Monitors—Varanus 

SPECIES 
Desert Monitors occ s ae oe Varanus griseus 
Cape’ Monivor ss ane mas asec ents V. albigularis 
Gray's “MONON, eas «sot cssus rie ae V. grayi 
Water-monitors. “ech: neha sone V. salvator 
Nile gnoniter sy. . as c0eens ee wiomne devs DUObCUS 
Papuan monitor...» . 5 seems V. prasinus 
Indian MOOT sy. vs 3s per vewnet V. bengalensis 
Goulds teedt fF . 4.0265 AES ee V. gould 

FAMILY 10 
Teju Tribe—Teiidze 
GENUS 1 
Tupinambis 

SPECIES 
RST Te aces shore ee, ee Tupinambis teguexin 

GENUS 2 

Dracena 

SPECIES 
DYBCDDA« 6 sis cp ch eee Dracena guianeusis 

GENUS 3 

Ameiva 

SPECIES 
AMGIVA losis anes ote ae ct Ameiva surinamensis 


FAMILY 11 
Amphisbenas—Amphisbenide 
Chirot 1 
irotes 
= SPECIES 
Mexican amphisbena ..Chirotes canaliculatus 
GENUS 2 
Typical Amphisbenas—Amphisbeaa 
SPECIES 
Spotted amphisbena..Amphisbena fuliginosa 
FAMILY 12 
Typical Lizards—Lacertide 


GENts 1 
Lacerta 
SPECIES 
VG MBAR yas wis.0 sors wre. eieners Lacerta ocellata 
CPeOms AAR. Sinn cals Heleeieinelne xit0/0 L. viridis 
Sane ward) ac. oscar oe eee peau oe L. agilis 
Wivinarous: lizard. 6 Sscusak tn. cop L. vivipara 
WIEN ZAT oe cc op waelinee ke mss L. muralis 
Madeira wall-lizatd...s..0..cceeeses L. dugesi 
GENUS 2 
Algiroides 
GENUS 3 
Psammodromus 
SPECIES 
Spanish keeled lizard Psammodromus hispanicus 
Algerian keeled lizard. ......2...:.. P. algirus 
GENUS 4 
Acanthodactylus 
SPECIES 
Fringe-toed lizard. ...Acanthodactylus vulgaris 
FAMILY 13 
Gerrhosauride 


FAMILY 14 
Skink Tribe—Scincide 
GENUS 1 
Trachysaurus 
SPECIES 
.... Trachysaurus rugosus 
GENUS 2 
Broad-toothed Skinks—Tiliqua 
SPECIES 
Giant BRINK 2. kanes cen oe eek we Tiliqua gigas 


Stump-tailed lizard 


Blue-tongued skink ............ T. scinecides 
GENUS 3 
Mabuia 
GENUS 4 
Snake-eyed Skinks—Ablepharus 


SPECIES 
..-Ablepharus pannonicus 
A. boutoni 


Snake-eyed skink 


GENUS 5 
Typical Skinks—Scincus 
. SPECIES 
THs slelnkews sa'ac emt am nelae Scincus officinalis 
GENUS 6 
Seps Group—Chalchides 
SPECIES 
Thk. SOPH isc 5-0 a Pam: Chalchides tridactylus 
Lesser seps . C. lineatus 
C. sepoides 


GENUS 7 
Lygosoma 
; ; SPECIES 
Line-eyed skink ....Lygosoma lineo-oceHatum 

FAMILY 15 

Anelytropidee 

FAMILY 16 
Dibamidz 


GECKOS 


Few creatures have given rise to a greater amount 
of fable and legend than the large group of lizards 
commonly known as geckos (family Geckonide), 


LOBE-FOOTED GECKO 


such Jegends being probably due to the nocturnal 
and domestic habits of these reptiles, coupled with the 
sharp, chirping cry from which they derive 
their name, and their curiously expandea 
disc-like toes. Although perfectly innocuous, 
they have been credited from the earliest 
times with ejecting venom from their toes, 
and of poisoning whatever they crawled over; 
while the teeth of one species have been as- 
serted to be capable of leaving their im- 
pression on steel. Indeed, so intense is the 
dread inspired by these little reptiles that 
in Egypt the lobe-footed, or fan-footed, species 
is commonly termed abou-burs, or father of 
leprosy. 

Geckos, of which there are nearly three 
hundred species, distributed over all the 
warmer parts of the globe, although more 
numerous in the Indian and Australian 
regions then elsewhere, are for the most 
part small and plumply-built nocturnal 
lizards, characterised by their depressed form 
and dull colouring. The rather long and 
more or less flattened head is broad and 
triangular in shape; the large eyes are 
characterised by the absence of movable 
lids, and by the pupil being, except in a few 
diurnal forms, vertical, and the aperture of the 
ear is likewise in the form of an upright slit. 

Externally the head is covered with minute 
granules, or small scales, and the body is 
devoid of a bony armour, and in most cases 
covered above with granules, and beneath 
with small overlapping scales. If to the 
above features it be added that the tongue 
is either smooth or covered with tag-like 
papillae, and short or moderate in length, 
and not sheathed at the base, and that 
the bodies of the vertebre articulate together 
by means of cup-shaped surfaces at both 
their extremities, there is sufficient to dis- 
tinguish the geckos from all other members 
of the suborder. As regards their other 
external characters, the neck is very short 


and thick, the body, although rounded, markedly 
depressed, and the tail, which is generally remarkably 
brittle, usually thick and of moderate length, with its 
basal portion either cylindrical or laterally compressed, 
although it may be leaf-like, or even rudimentary. 
In some cases the tail is known to be prehensile, 
and it is not improbable that it is frequently 
endowed with this power. 

The limbs are generally remarkable for their short- 
ness, and are always provided with five toes each, 
the tips or sides of which may be more or less dilated. 
In those species inhabiting desert regions the toes 
are of normal form, being often nearly cylindrical, 
and keeled on their lower surfaces; but in the great 
majority of the members of the family they are expanded 
either throughout their length or partially into adhesive 
discs, of which the under surface is formed by a Series 
of movable symmetrical plates of variable form, by 
the aid of which these reptiles are enabled to ascend 
walls and run across the ceilings of rooms. In some 
cases the claws are retractile, either within the plates 
of the discs or into sheaths; while in other instances 
the toes may be united by webs, which are not, how- 
ever, for the purpose of swimming, all the geckos being 
land-lizards. The numerous teeth are small, and 
attached to one side of the summit of the jaw (pleurodont). 

It has been stated that diamond-tailed geckos (Phylu- 
luvus platuyus) are always found head-downwards 


on the rocks they frequent. They assume this position, 


TURKISH GECKOS 


HARMSWORTH NATURAL HISTORY 


it is asserted, for the purpose of making hawks believe 
that their heads are their tails; consequently, when 
seized by one of these birds, which invariably pounce 
upon what they regard as the head, the brittle tail 
snaps off, and the gecko wriggles away little or none the 
worse for the encounter. : 

With the exception of a certain number of species, 
geckos, as already mentioned, are nocturnal in their 
habits ; and many are remarkable for uttering shrill 
cries, probably produced by striking the tongue against 
the palate, which in some cases are compared to the 
syllables ‘‘ yecko,”’ ‘‘checko,” or ‘“‘toki,’’ and in others 
to the monosyllable ‘‘tok.”’ A South African sand-gecko 
is at times stated to occur in such numbers, and to 
produce such a din by its cry, as to render a sojourn 
in the neighbourhood well-nigh insupportable. 

As regards the situations they frequent, 
are very variable, 
some inhabiting arid 
deserts, where they, 
in certain instances, 
burrow in the sand ; 
others are restricted 
to wooded regions, 
where they live 
either among low 
bushes or on trees, 
and conceal them- 
selves during the 
day beneath stones 
or the bark of the 
stems ; others, again, 


geckos 


are found among 
rocks; while the 


members of a fourth 
group have elected 
to live among 
human dwellings, 
where some of them 
have become = as # 
fearless and confid- })* 
ing as domesticated 
animals. Of the 
arboreal species, the 
frilled gecko is 
peculiar in having 
a parachute-like ex- 
pansion of — skin, 
which is used after 
the manner of that 
of flying squirrels 
in aiding its owner 
to take long leaps 


from bough to 
bough. When. at FRINGED 


rest, the parachute 

is kept close to the sides of the body by the aid 
of its intrinsic muscles; and it is stated that this 
species, like several others, has the power of 
changing its colour according to the hue of the object 
in which it is resting. 

The species frequenting houses may be divided into 
those which resort to the interior and those which 
are content with the outside. Of the former, Sir J. E. 
Tennent writes that in Ceylon, ‘“‘as soon as evening 
arrives, geckos are to be seen in every house in keen 
and crafty pursuit of their prey; emerging from the 
chinks and recesses where they conceal themselves 
during the day, to search for insects that then retire 
to settle for the night. In a boudoir, where the 
ladies of my family spent their evenings, one of these 
familiar and amusing little creatures had its hiding- 
place behind a gilt picture-frame, Punctually as 


the candles were lighted it made its appearance on 
the wall to be fed with its accustomed crumbs; and 
if neglected it reiterated its sharp, quick call OF © chic: 
chic, chit’’ till attended to. It was of a delicate grey 
colour, tinged with pink; and having by accident 
fallen on a work-table, it fled, leaving part of its tail 
behind it, which, however, it reproduced within less 
than a month. 

‘Tn an officer’s quarters, in the fort at Colombo, 
a gecko had been taught to come daily to the dinner- 
table, and always made its appearance along with 
the dessert. The family were absent for some months, 
during which the house underwent extensive repairs, 
the roof having been raised, the walls stuccoed, and the 
ceilings whitened. It was naturally surmised that 
so long a suspension of its accustomed habits would 
have led t6 the disappearance of the little lizard, 
but on the return of 
its old friends it 
made its entrance 
as usual at their 
first dinner the in- 
stant the cloth was 
removed.”’ 


Another Indian 
observer, Coloncl 
Tytler, writing ot 


these house-geckos, 
states that although 
several species 
“may inhabit the 
same locality, yet, 
as a general rule, 
they keep separate 
and aloof from each 
other ; for instance, 
in a house the dark 
cellars may be the 
resort of one species, 
the roof of another, 
and the crevices in 
the walls may be 
exclusively occupied 
by a third species. 
However, at night 
they issue forth in 
quest of insects, and 
may be found mixed 
up together in the 
Same spot; but on 
the shghtest  dis- 
turbance, or when 
they have done 
feeding, they return 
hurriedly to their 
particular _hiding- 
places.”’ So far as is known, all the members of the 
family agree with the house-geckos in being insecti- 
vorous. With the exception of two peculiar New 
Zealand species producing living young, geckos appear 
to lay eggs, which are enclosed in round and hard 
shells, and generally two in number. 
LOBE-FOOTED GECKO 

Geckos being so numerous in species, which are 
arranged in about fifty genera, it is of course impossible 
in a, work like the present to do more than notice a 
few of the better known or more striking. Among 
these, one of the most familiar is the little lobe-footed 
or fan-footed gecko (Ptyodactvlus lobatus), of Northern 
Africa, Arabia, and Syria, which is one of two species 
belonging to a genus characterised by the toes being 
dilated at their summits, where they are furnished 
inferiorly with two diverging series of plates. 


GECKO 
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There they may be seen at all hours of the day sleeping with widely- 


i= 
c 
Vv 
»O 
0 
fo) 
0° 
ae 
aS) 
on 
eye) 
eae 
oa 
co? 
iS} 
20 
cs 
53 
of 
od 
SS 
fe 
Yo 
o> 
£2 
sa 
ss 
2% 
ud 
0 
wee 
Soa) 
9 
O18 
20 
c 
ces 
(oie 
Gat 
oe 
= 
UES 
Su 
i) 
io 
ree 
De 
aoiseh 
as 
ga 
fe) fe 
=e 
Cay 
bas 
23 
oe 
a 
ou 
Sa 
ea 
3 
rome) 
me 
oO 
vo 
= 
cee 
fo) 
ne 
a 
=) 
os 
<< 
gy 
£ 
3 
te) 
> 
us 
0 
<< 
& 
Za 
vo 
oe) 
io) 
Vv 
a 
wf 
=) 
fo) 
is) 
o 
Q, 
a 
=! 
Vv 
a 
c 


TS 


WALL-LIZARDS 


In Southern Europe these lizards may be seen basking on almost every wall, old building, 
activity and tameness.’ 


or face of rock, where they delight all beholders with their 
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BLACK-TAILED IGUANA 

“The black-tailed iguana, which inhabits Lower California and Central America, is characterised by the shortness of the row of pores on the thigh, the 
slight compression of the body, and the presence of a crest of spines down the back, and of a pouch on the throat.’ 
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GECKOS 


The toes of the lobe-footed gecko are furnished 
with claws capable of retraction within notches in the 
front of the disc. The upper surface is covered with 
granules, among which are some small keeled 
tubercles ; the colour being 
greyish or yellowish brown | 
above, with darker and 
light spots, and below uni- 
form white. The length is 
a little over 5 inches. 


TURKISH GECKO 


Equally well-known is 
the Turkish gecko (Hemi- 
dactylus turcicus). which is 
likewise a small species, 
inhabiting the countries 
bordering the Mediterra- 
nean and Red Seas, but 
also found in Sind. It be- 
longs to a group of genera 
with dilated toes and com- 
pressed claws, and is spe- 
cially characterised by the 
extremities of the _ toes 
being free, the plates on 
the under surface of the 
discs arranged in double 
rows, and the presence of 
some large shields on the 
under surface of the tail. 

Measuring not more than 
4 inches in length, this 
species may be  distin- 
guished from the other 
European geckos by the 
body being covered with 
from fourteen to sixteen 


marked with undulating dark brown transverse bands, 
and a dark streak extending from the eye to the 
first of the bands on the back. 
Java, 


This gecko is an 
Sumatra, Borneo, and _ the 
Malay Peninsula 


inhabitant of 


WALL-GECKO 


Another species claiming 
special mention is the wall- 
gecko (ZLavrentola mauri- 
tanica), which is the Medi 
terranean representative of 
a small genus ranging from 
the countries bordering the 
Mediterranean to West 
Africa, and including one 
West Indian species. The 
genus is readily recognised 
by all the toes being dilated 
and only the third and 
fourth furnished with claws. 
This particular species 
varies from ‘rather less 
than 5 to somewhat more 
than 6 inches in length, 
of which one half is formed 
by the tail. The sides of 
the neck and body, as well 
as the upper surface of the 
limbs, are ornamented with 
conical tubercles; the back 
has seven or nine longitu- 
dinal rows of larger and 
strongly-keeled tubercles ; 
and on the anterior half of 
the tail the ornamentation 
takes the form of knobs 


longitudinal rows of warts, 
of which some are white 
and the others blackish, 
and likewise by the hue of the upper parts being 
greyish brown spotted with flesh-colour. It is, how- 
ever, said to be able to change its colour according to 
circumstances, being of a shiny milky white at night, 
and dark-coloured 
during the daytime. 
The genus to which | 
it belongs comprises | 
over thirty species, 
ranging from |! 
Southern Europe | 
and Asia, Africa, 
Tropical America, 
and Oceania. 


FRINGED GECKO | 


A larger and more 
remarkable species 
is the fringed gecko | 
(Ptychozoum homa- 
locephalumy), the sole 
member of a genus | 
characterised by the 
presence of an ex- 
pansion of skin 
along the sides of 
the body, continued 
as lobes on the tail, 


as well as by the toes being completely webbed, and the 
Attaining a length of 


inner one devoid of a claw. f ‘ 
nearly 8 inches, this species has a distinctly ringed tail; 
its colour above being greyish or reddish brown, 


SLENDER-FINGERED GECKOS 


with backwardly-directed 
spines. 

The general colour of the 
upper parts is greyish brown, with more or less 
distinct lighter and darker marblings; but a well- 


marked dark streak passes on each side of the head 
through the eye. 


The slender-fingered gecko, shown 
in the lower figure 
on this page, re- 
presents an allied 
genus (Stenodac- 
tylus). 


BARK-GECKO 


Very remarkable 
is the large Mala- 
gasy bark - gecko 
(Uvoplates fimbria- 
tus), characterised 
by its crocodile-like 
head, short trowel- 
shaped tail, and 
black skin irregu- 
larly marked with 
white and grey 
streaks and 
blotches. This 
BEC ko...) wanhie ta 
measures about 9 or 
to inches in length, 
dwells on the lichen- 
clad bark of trees, to which, despite its large, glaring, 
yellow, bloodshot eyes, it presents so close a resem- 
blance as to be almost impossible of detection at 
a short distance. It affords, in fact, one of the most 
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remarkable instances of protective resemblance and 
adaptation to be met with in the whole animal kingdom. 


HARDWICKE’S GECKO 
A few peculiar geckos, assigned to three genera, 
and ot which the Oriental Hardwicke’s gecko (f:uble- 
pharis hardwicket) is one of the best-known examples, 


differ from the ordinary geckos in being furnished 
with movable eyelids, and also in that their vertebre 
are articulated together by means of cup-and-ball 
joints. Consequently these geckos are referred to 
a family, the Eublepharid@, by themselves; some 
writers also making the bark-gecko the type of a 
family. 


SCALE-FOOTED “LIZARDS 


o the ordinary observer it might well appear that 

the whole of the snake-like lizards, or those in which 
the body has become cylindrical and much elongated, 
and the limbs either rudimentary or wanting, would 
pertain to a single family. Such, however, is not the 
view of modern naturalists, who regard several of these 
aberrant members of the suborder as having been 
independently derived from distinct groups of fully- 
limbed forms, and thus presenting but little relationship 
among themselves. Of these snake-like groups, one of 


the most remarkable is that of the scale-footed lizards 


1By}= 
of Australia and New Guinea, which form a family 
(Pygopodidz) comprising six genera, characterised by 
the retention of more or less well-marked rudiments 
of the hind limbs, although the front pair has quite 
disappeared externally. 

Structurally these scale-foots appear to come nearest 
to the geckos, with which they agree in the essential 
characters of the skull, as they do in the nature of their 
tongue, the want of movable eyelids, and the vertical 
pupil of the eye; although the last-mentioned character, 
as being variable in the geckos, cannot be regarded as 
of much importance. Apart from their external form, 
they .differ from geckos, and thereby resemble the 
members of the next family, in that the inner extremities 
of the collar-bones are not expanded into a loop-shaped 
form, and they are peculiar in that the number of bones 
entering into the composition of each half of the lower 
jaw is reduced from six to four. 

The small and numerous teeth are closely set, and 
have generally long, cylindrical shafts, and blunted 
summits ; although in the genus /7alzs they are sharply 
pointed, swollen at the base, and backwardly curved, 
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thereby resembling those of the monitors. The hind 
limbs are represented externally by a pair of scaly 
flaps, which are most developed in the genus to which 
the common species belongs. The component bones of 
the limbs may be felt more or less distinctly through 
the skin, and the skeleton of the common species shows 
five toe-bones. 

The common scale-foot (Pygopus lepidopus), which 
attains a length of about 20 inches, and has a tail twice 
as long as the head and body, is the typical repre- 
sentative of the few members of this family. The head, 


RD 
which is long, pointed at the snout, and scarcely 
separated from the body, is covered above with large 
symmetrical shields, and on the sides with small 
scales. The ear has an oblique oval aperture, and the 
rudimentary immovable eyelids are circular and covered 
with minute scales. 

The cylindrical body is slender and of nearly equal 
thickness throughout, the scales on its upper surface, 
as on that of the long tail, being keeled. Larger in males 
than in females, the rudimentary hind limbs have 
rounded extremities, and are enveloped in overlapping 
scales. 

In general colour this lizard is coppery grey above, 
sometimes marked with three or five longitudinal rows 
of blackish dots or elongate spots; the under parts 
being marbled grey, with the exception of the throat, 
which is white. Found both in Australia and Tasmania, 
and by no means uncommon in the warmer northern 
parts of Victoria, this lizard, like its kin, is stated to 
have habits very similar to those of the blindworm, 
although accurate observations on its mode of life are 
wanting. 
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AGAMA 


HE southern and eastern portions of the Old World 
are the home of a very extensive family of lizards 
(Agamide) comprising thirty genera and over two 
hundred species, which may be conveniently termed 
agamas, from the name of the typical genus. Agreeing 
with the preceding families in the characters of the 
tongue and the absence of bony plates beneath the 
scales, agamas resemble scale-foots in the characters 
of their collar-bones, but are distinguished from all 
their allies in having the teeth of the acrodont type— 
that is to say, situated on the very summit of the edges 
of the jaws. 

While the head is covered with small scales the small 
eyes have circular pupils 
and well-developed mov- 
able eyelids; and the scales 
on the back are of the 
normal overlapping type. 
The thick tongue is either 
completely attached or only 
slightly free in front, and, 
at most, has only a very 
shallow notch in its tip. 
The teeth may be generally 
divided into three series, 
comparable, as regards 
position, with the incisors, 
tusks? sand s.amolars * of 
mammals; the last being 
more or less compressed, 
and frequently furnished 
with three cusps, while the 
tusks, or canines, which 
may be one or two in 
number on each side, are 
of relatively large size in 
most cases, although occa- 
sionally absent. 

The fore limbs are always 
well-developed, and, except 
in one genus, five-toed. 
The absence of large 
symmetrical horny shields, 
both on the head and under 
parts, is a noteworthy 
character of these lizards, 
many of which develop, 
either in the males or in 
both sexes, ornamental 
appendages, such as crests 
or pouches. Asa rule, the 
tail is long and not brittle, 
but in only one genus is 
it prehensile, although in 
another it can be curled 
up at the extremity. The 
shape of the body is very 
variable in the different 
genera, the terrestrial forms being generally depressed, 
while those that are arboreal in their habits are 
compressed. 

Although the majority of the species are insec- 
tivorous, some subsist on leaves and fruits, while others 
prefer a mixed diet; but neither the nature of their 
surroundings nor their food serves to classify agamas, 
many of the genera of which are very difficult to dis- 
tinguish. The majority of the species appear to lay eggs, 
only the members of a single genns being reported to 
give birth to living young. As regards distribution, 
agamas are found from the south of Europe to the 
Cape, and eastwards as far as China, the Malay Islands, 


MALAY FLYING-LIZARD 


LIZARDS 


Australia, and Oceania, but are unknown in New 
Zealand and Madagascar. Both as regards genera and 
species, their headquarters, however, is the Indian 
region ; Africa possessing only three genera, of which 
one is confined to the northern part of the continent, 
while four species alone enter South-Eastern Europe. 


FLYING-LIZARDS 


Commonly known as flying-dragons, the members 
of the first genus of the family, Draco, are elegant and 
harmless, little reptiles, to which such a title seems 
singularly inappropriate, and it is therefore preferable 
to substitute the name of flying-lizards—more especially 
as the former appellation 
applies much better to 
the extinct pterodactyles. 
These flying-lizards, which 
are represented by twenty- 
one species, ranging over 
the greater part of the 
Indo-Malay region, are at 
once distinguished from all 
their kindred by the de. 
pressed body being provided 
with a large wing-like 
membranous expansion, 
supported by the elongated 
extremities of the six or 
seven hind ribs, and capable 
of being folded up like a 
fan. The throat is furnished 
with a large membranous 
expansion, on the sides of 
which are a smaller pair ; 
and the tail is long and 
whip-lke. 

The best known of the 
species is the Malay fiying- 
lizard (D. volans), which is 
a rather common form, and 
belongs to a group charac- 
terised by the nostrils being 
lateral and directed out- 
wards; this particular 
species being distinguished 
by the absence of a spine 
above, they even abyauune 
‘aperture of the ear being 
smaller than the eye, and 
by the inferior surface of 
the parachute being orna- 
mented with black spots. 
In addition to the append- 
ages On the throat) (the 
males have a small crest 
on the nape of the neck, and 
in both sexes the back is 
covered with irregular, 
large, keeled scales, and its sides have a series of still 
larger scales, which are also keeled. In length it 
measures a little over 8 inches. 

As regards colour, the upper parts are of a brilliant 
but variable metallic hue, ornamented with small dark 
spots and wavy cross-bands; between the eyes is a 
black spot, and a similar one occurs on the nape; the 
parachute is orange, with marblings or irregular cross- 
bands of black ; and the throat is mottled with black, 
its appendage being orange in the male and bluish in 
the female. This lizard inhabits the Malay Peninsula, 
Sumatra, Java, and Borneo, and in the living state 
is stated to be so beautiful as to baffle description. 
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Essentially arboreal in their habits, flying-lizards 
generally frequent the crowns of trees, and, as they are 
comparatively scarce and seldom descend to the 
ground, are but rarely seen, Describing the habits of 
the Malay species, Dr. Cantor writes that “as the lizard 
lies in shade along the trunk of a tree, its colours at a 
distance appear like a mixture of brown and grey, and 
render it scarcely distinguishable from the bark. There 
it remains with no signs of life, except the restless eyes, 
watching passing insects, which, suddenly expanding 
its wings, it seizes with a sometimes considerable, 
unerring leap. The lizard itself appears to possess 
no power of changing its colours.” 

When excited, the appendages on the throat are 
expanded or erected; and the ordinary movements of 
these beautiful little reptiles take the form of a series 
of leaps. After commenting on the fact that both 
flying-lizards and flying-lemurs inhabit the same 
countries, and have very similar modes of life, Pro- 
fessor Moseley states that, when springing from branch 
to branch and’ from tree to tree, the former pass so 
rapidly through the air that the expansion of the 
parachute almost escapes notice. Some examples kept 
on board ship were in the habit of flying from one, leg 
of a table to another. The females lay three or four 
oval whitish eggs. 


CHANGEABLE LIZARDS 
Among a number of genera characterised by their 
more or less compressed bodies and generally arboreal 
habits, the numerous tree-lizards constituting the genus 
Calotes are selected for mention. These beautiful 
lizards belong to a group distinguished from many of 


ARMED AGAMA 


their allies by the aperture of the ear being open, while 
they are especially characterised by the absence of 
any distinct fold of skin across the throat, by the 
equality in size of the large, keeled scales on the back, 
and the presence of a large crest on the back and neck ; 
the tail being very long and whip-like. 

One of the best-known species is the changeable 
lizard (C. versicolor), ranging from Baluchistan, India, 
and Ceylon to the south of China, an exceedingly 
handsome lizard of some 16 inches in length, with a very 
larcve crest, but so variable in colour when alive as 
almost to defy description. It is one of the commonest 
of the Eastern Asiatic lizards and derives its name from 


its power of changing colour, which is especially marked 
when the reptile is sitting basking in the sun ; the head 
and neck being often yellow, flecked with red, the body 
red, and the limbs and tail black. 

When irritated or feeding rapidly, an allied species 
(C. ophiomachus), from India and Ceylon, turns brilhant 
red over the head and neck, the body at the same 
time becoming pale yellow; hence it is popularly 
known to Europeans. as the “ blood-sucker.” 


BLANFORD'’S LIZARD 

Closely related to Calotes is Blanford’s lizard 
(Charassia blanfordiana), which in Southern India 
occupies the place held in other parts of the Old World 
by the agamas. ‘In its habits,’’ writes Dr. N. Annan- 
dale, ‘‘it closely resembles Agama tuberculata, being 
usually seen on rocks, but occasionally entering human 
dwellings and running about on the walls. The male, 
in April and May, has the head and fore quarters of a 
brilliant red colour, and displays his magnificence to 
the female, which remains concealed, by slowly walking 
along in some conspicuous position, alternately rising 
and nodding his head in @very solemn manner. The 
exact tint of the brilliant parts changes as he does so. 

‘“Both sexes possess considerable powers of tem- 
porary colour-change, which seem to be called into 
play mainly by the amount of reflected light that 
reaches the integument. The changes do not always 
assist in concealing the animal. I have seen a tempor- 
arily pale individual resting most conspicuously on a 
red mud wall, and another on a black rock from the 
surface of which the sun was reflected. On the other 
hand, other individuals on similar rocks and walls in 
the shade were much darker and _ less 
conspicuous. 

“The fact seems to be that the number of 
different colours that can be brought into 
play by contraction or expansion of the 
pigment-cells of this species is a very limited 
one. Strong reflected light causes certain of 
the pigment-cells to contract, but does not 
expose others. The lizard, therefore, can 
become paler or darker, but cannot change 
its actual coloration to any great extent. 
Some of the pigment-cells, however, are 
probably non-contractile, for the symmetrical 
markings never disappear, but become more 
conspicuous as the general tone becomes 
paler. 

“Specimens in spirit from Travancore are 
much blacker—/.e., less brown—than speci- 
mens from Parasnath, on which the rocks are 
not so black as those of the Western Ghats of 
Travancore.” 


CHAM/ELEON-LIZARDS 

Nearly allied to the last group, from which 
they may be distinguished by the presence of 
a transverse fold across the throat, are the 
lizards of the genus Gongocephalus, ranging 
from India to Australia. They are mentioned here on 
account of the remarkable resemblance presented by the 
typical chameleon-lizard (G. chameleontinus) to a 
chameleon, the resemblance extending to the casque- 
like form of the head, the ridge of spines down the back, 
and the long tail, which, however, is not prehensile. 


CEYLON HORNED LIZARDS 
Three remarkable lizards from Ceylon, constituting 
the genus Ceratophorva and belonging to a group in which 
the aperture of the ear is concealed, derive their name 
from carrying a more or less elongated horn-like process 
on the nose, at any rate in the male sex ; the neck and 
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back being devoid ofa crest. One of the species, which 
attains a length of about 10 inches, has a horn measuring 
half an inch. These lizards appear to be very rare, one 
of the species being confined to mountain districts. 


TYPICAL AGAMAS 

For want of a distinct English title, it is necessary 
to designate the members of the genus 4 gama collec- 
tively b-ranglicising their scientific name. Distinguished 
from all the groups previously noticed and their allies, 
with the exception of the flying-lizards, by their more 
or less depressed bodies, the typical agamas are 
especially characterised by the exposed aperture of the 
ear, and the presence of large callous scales in front of 
the vent inthe males. The crest on the back is, at most, 
small, aad may be wanting; while each side of the 
throat his a pit, and there is likewise a transverse fold 
across this part. A sac-like appendage may or may 
not occur beneath the throat, and the moderately long 
tail may be either cylindrical or slightly compressed. 

Less iniportant characters are to be found in the 
form of tiie head, which is short and triangular, very 
broad behind, and rounded at the muzzle, as well as 
in the relative length and slenderness of the limbs. 
The head is covered above with small, smooth scales ; 
those on the back are overlapping and keeled, while 
on the tail the scales may be either simply overlapping 
or arranged in whorls. 

The distribution of the genus is somewhat peculiar, 
impinging on South-Eastern Europe, and embracing 
the greater part of South-Eastern Asia, as well as the 
whole of Africa, but excluding India proper, together 
with Ceylon and Burma, although including the 
Punjab, Sind, and the Himalaya. As indicated by 
their depressed bodies, agamas are mainly ground- 
lizards, generally frequenting barren localities or 
rocks, although a few species resort to shrubs. The 
circular pupil of their eyes is equally indicative of 
diurnal habits ; anda large number of species are fond of 
basking on rocks in the full glare of the sun. In such 
situations, as in the vallevs around Kashmir, they 
may be seen in numbers on almost every roadside mass 
of rock, where their extreme agility renders them very 
difficult to capture. As regards food, all appear to be 
insectivorous. 

From among rather more than forty representatives 
of the genus, three are selected for special notice, the 
first of these being the armed agama (A. avmaita) of 
South Africa, which attains a total length of some 20 
inches, of which rather more than 6 are occupied by 
the tail. Belonging to the second group of the genus, 
or that in which the occipital or hindmost median scale 
on the top of the head is enlarged, this species is 
characterised by the spiny scales on the back being of 
unequal size, the aperture of the ear larger than the eye, 
the fifth toe as long as the first, and the third slightly 
longer than the fourth, as well as by the scales on the 
abdomen carrying keels. Both sexes have a low crest 
on the nape of the neck, whereby the species is dis- 
tinguished from most of its South African congeners ; 
and the males have two rows of twelve thickened horny 
scales in front of the vent. 

Although variable, this handsome lizard is strikingly 
coloured. Generally the upper parts are olive brown, 
with the enlarged scales lighter, and there is a double 
series of darker blotches along the back; the under 
surface being lighter, and the throat marked with 
dark longitudinal streaks. Known to the natives of 
Mozambique by the name of foyuwe, this lizard feeds 
chiefly on beetles, grasshoppers, and ants. 

Very different in gencral appearance to the last 
species is the spiny agama (A. colonovum) of West 
Africa, which is a rather large species, said to be the 
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ROUGH-TAILED AGAMA 


most common reptile met with on the Gold Coast. 
It differs from the preceding species by the shields on 
the back being of uniform size and furnished with 
spines, as well as by the absence of a crest. The body 
is not much depressed, and the sides of the head near 
the ear, as well as of the neck, are ornamented with 
radiating groups of short spines, which are at least 
equal to two-thirds the diameter of the ear-opening. 

From the allied 4. vueppelli of North-Eastern Africa, 
it may be distinguished by the scales on the back being 
very numerous and considerably larger than those on 
the tail; the latter being strongly keeled and arranged 
in fairly distinct rings. Attaining a length of rather 
more than 13 inches, this species is noticeable for its 
brilliant coloration in the living state, although the hues 
rapidly fade away after death. When alive, the head is 
flame-red, the throat spotted with yellow, and the body 
and limbs deep steel-blue, while along the middle of the 
back generally runs a whitish line. The lower surface 
of the basal half of the tail is yellowish, and the corre- 
sponding upper portion steely blue like the tip, while 
the remainder is red. In very old specimens, however, 
both surfaces of the base of the tail are blue, the 
remainder of the upper surface, except a small blue tip, 
being red. Females are at all ages much more soberly 
coloured. 

In some spots these agamas are found in swarms, 
being very fond of climbing up the mud walls and mat 
roofs of the native huts, at times basking motionless 
in the sun, and at others running rapidly about in 
search of insects. When approached by a human 
being, they raise and depress their heads in a series 
of nods, which increase in rapidity as the intruder 
draws near, till, finally, the reptiles lose courage, and 
disappear with the speed of lightning into some crack 
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or cranny. So brilliant do these gorgeously-coloured 
lizards appear, when basking in the midday rays of 
an African sun, that the observer is fam to believe he 
is gazing on some splendid insect rather than.a reptile. 
Belonging to a group of the genus distinguished from 
the one containing the species described above by the 
absence of enlargement of the occipital scale of the 
head, the stellion, or rough-tailed agama (A. stellvo), 
is interesting as being one of two members of the genus 
whose range extends into South-Eastern Europe. 
Whereas, however, the other members of the group 
have the tail more or. less ringed, the rough-tailed 
agama, together with the second European species 
(A. caucasica) and a third (A. microlepis), is peculiar 
in that the tail is divided into distinct segments, each 
composed of a pair of rings of scales. Growing to 
nearly a foot in length, the species under consideration 
is distinguished by its stout body and the moderate 
degree of depression of the head; the cheeks of the 
male being somewhat swollen. The colour of the 
upper parts is olive, spotted with black, and generally 
with a series of large yellow or olive spots down the 
middle of the back; the throat of the male having 


fine bluish-grey net-like 
markings. 


In Europe occurring in 
Turkey and certain islands 
of “the A®gean Sea, the 
rough-tailed lizard is distri- 
buted over the whole of 
Asia .Minor, Syria, 
Northern Arabia, and 
Egypt, and is much more 
common in the latter 
regions than is the case in 
Europe. To the Arabs it 
is known by the name of 
hayvdun, and it is. com- 
monly tamed and kept in 
captivity by the itinerant 
snake-charmers of Egypt. 
As shy and agile in its 
movements as its con- 
geners, it feeds largely on 
flies and butterflies, which 
are captured with remark- 
able address and agility. 

Before taking leave of 
this extensive genus, it may be mentioned that there is 
a third group; agreeing with the last in the small size of 
the occipital scale of the head, but distinguished by the 
absence of riigs on the tail ; the agile agama (A. agzlis) 
of Persia being a well-known example. The genus 
Phrynocephalus of South-Eastern Europe and Central 
Asia comprises rather more than a dozen lizards nearly 
allied to Agama, but easily distinguished by the concealed 
aperture of the ear. 


FRILLED LIZARD 

Although the swollen, callous scales in front of the 
vent in the males of the typical agamas have some 
resemblance to these structures, the whole of the 
preceding members of the family are characterised 
by the absence of true pores on this part of the body 
or on the thighs. In a second group such pores are, 
however, present in both, or in one or other of these 
situations; the first example of this group being the 
remarkable frilled lizard (Chlamydosaurus kingi) of 
Australia, the solitary representative of its genus. 
This extraordinary-looking reptile, which attains a 
length of nearly 32 inches, about 11 of which are taken 
up by the tail, is at once recognised by the curious 
frill-uke membranous expansion surrounding the 


FRILLED LIZARD IN COMBATIVE ATTITUDE 
Photo, Cyril Grant Lane 


throat and extending upwards to the sides of the nape. 
The frill, which is much more developed in the adult 
than in the young, has a serrated margin, and is 
covered with scales of larger size than those on the 
back; it irresistibly reminds one of the frills with 
which our ancestors were wont to adorn their throats, 
and communicates an altogether strange appearance 
to its owner. In form the body of this lizard’ is 
slightly compressed, and although the scales of the 
back are strongly keeled, there is no distinct crest in 
this region. The aperture of the ear is exposed, and 
the tail is either round or slightly compressed, the 
latter condition occurring in the adult male. The 
general colour of the upper parts is pale brown, which 
may be either uniform or mottled with dark brown, 
or blackish mingled with yellow and shot with blue. 
The frilled lizard is an inhabitant of Queensland and 
Northern and North-Western Australia, as well as 
some of the islands of Torres Straits ; its fossil remains 
occurring in the superficial deposits of the ‘irst-named 
district. It inhabits sandy districts, where :t walks or 
runs with a swinging gait, on its hind legs alone, with 
the frill folded up on the Skles of the body (page 10). 
fe When frightened, it sits on 
its hind quarters, raises its 
fore quarters and head as 
high as possible, expands 
the frill to its fullest extent, 
strikes its body with its tail, 
and shows its teeth at the 
intruder. Although the 
reptile is perfectly harm- 
less, this attitude is 
evidently intended to 
terrify other animals, and 
has even been known to 
frighten people who have 
seen it for the first time. 
The frill, which, when fully 
extended, forms a shield 
concealing the body, limbs, 
and tail, is moved by 
certain special muscles, 
and is supported by rods 
of cartilage. 


FIN-TAILED LIZARD 


Nearly allied to the pre- 
ceding is the fin-tailed lizard (Lophurus amboinensis), 
which is likewise the sole member of its genus, and takes 
its name from the presence of a tall fin-like crest on the 
upper surface of the tail of the adult, supported by a 
great lengthening of the spines of the vertebra of that 
region. The body is markedly compressed, the back 
carries a low crest, and the throat has both longi- 
tudinal puckerings and a transverse fold in the skin, 
while the aperture of the ear is exposed. 

In form the head is short and thick, the compressed 
tail long and powerful, and the legs and feet are also 
strong, the toes of the latter being covered inferiorly 
with small granular scales, and at the sides, especially 
externally, with a fringe of large united scales, which 
constitutes one of the distinctive features of the genus. 
The covering of the upper parts is in the form of small 
quadrangular scales, which are keeled on the head and 
back. The dentition comprises six small conical teeth 
in the front of the jaws, four long tusks, and thirteen 
cheek-teeth. On the thighs there is a row of pores. 
Attaining a length of over a yard, the fin-tailed lizard 
is of a general olive-brown colour, becoming greenish 
on the head and neck, spotted and marbled with 
black, while an oblique fold in the skin on the front of 
the shoulder is deep black. 
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FIN-TAILED LIZARD 


Onginally brought to Europe from Amboyna, this 
curious lizard is an inhabitant of the Philippines, Java, 
Celebes, and the Moluccas ; it is arboreal in its habits, 
and is generally found in wood or scrub in the neigh- 
bourhood of water. Its food consists of seeds, leaves, 
flowers, and berries, as well as worms, myriapods, and 
other creatures found in damp situations. If fright- 
ened, this lizard immediately dives into the water, 
and endeavours to conceal itself among the stones at 
the bottom, where, however, it may be readily captured 
with a net, or even with the hand, as it makes not the 
slightest attempt at defence. Its eggs are laid in the 
sand of the river-banks. By the natives this lizard 
is hunted for the sake of its flesh, which is white and 
well flavoured, and consequently much appreciated. 


SPINY-TAILED LIZARDS 

Quite a different type of tail to that of the last is 
presented by the spiny-tailed lizards (Uvomastix), of 
which there are several species inhabiting arid tracts 
in Northern Africa and South-Western Asia. From the 
whole of the foregoing members of the present family, 
these lizards are sharply distinguished by the circum- 
stance that the front teeth, instead of being small and 
conical, are large, and in the adult united together 
into one or two broad cutting teeth, separated from 
those of the cheek series by a gap; while externally 
they are easily recognised by their short tails, covered 
with well-defined rings of spiny scales. The head is 
remarkably short and rounded, the body, as in most 
terrestrial members of the family, is much depressed, 
and there is no crest along the back. There are no 
folds or pouches on the neck, but pores are present 
both in front of the vent and on the thighs, and the 
aperture of the ear is exposed. 

The Arabian spiny-tail, or dabb, as it is termed by 
the Arabs (U. spinipes), is one of the best-known 
members of the genus, and inhabits Egypt, Crete, and 
Arabia. It belongs to a group characterised by the 
rings of spiny scales on the upper surface of the tail 
being in juxtaposition; while, in common with two 


other species, it is specially distinguished by the 
circumstance that two or more transverse rows of 


scales on the lower surface of the tail correspond with 
one on its upper aspect. The Arabian species, which 
attains a length of about 18 inches, differs from its 


> two nearest allies in the minute size of the scales 
covering the body, coupled with the presence of 
a few scattered somewhat larger tubercular scales 
on the flanks. Jts colour is either sandy grey or 
greenish above, which may be either uniform or 
clouded with brown. The ornate spiny-tail (U. 
ornatus), of Egypt and Syria, differs from the other 
three members of the first group. in that the scales 
of the tail form complete rings, those on the lower 
surface being as long as those on the upper. 

With the exception of one species (U. microlepts) 
inhabiting Persia, the members-of the first group 
are confined to Africa, Arabia, and Syria, whereas 
the three representatives of the second group are 
exclusively Asiatic, one (U. loricatus) being from 
Persia, the second (U. asmusst) common to Persia 
and Baluchistan, while the third (U. hardwicket) 
isan inhabitant of Baluchistan and Northern India. 
In all these three Asiatic species the rings of spiny 
scales on the upper surface of the tail are separated 
from one another by rows of smaller smooth scales. 
In the Indian spiny-tail the spines on the tail are 
small, with the lateral"enes the largest ; there are 
no enlarged tubercular scales on the back; and 
the front surface of the thigh is marked by a large 
black spot. In size this species is much inferior 
to its Arabian congener, not exceeding some II 
inches in length. Its colour is either uniform sandy 
above, or the same spotted or mottled with a darker tint, 
and whitish beneath, with the aforesaid dark mark on 
the thigh. 

Conforming in their sombre colouring to the desert 
regions they frequent, the spiny-tailed lizards are 
entirely vegetable-feeders, and live in burrows resem- 
bling those of the smaller rodents, which are excavated 
by the reptiles themselves. These burrows, which may 
be as much as four feet in length, sometimes turn almost 
at right angles to their original course, at a depth of a 
foot or so from the surface. Generally living solitary 
or in pairs, these lizards are met with abundantly in 
parts of Eastern Persia and the Punjab, and when 
approached at once make for their holes. If they 
succeed in getting their fore limbs within the aperture 
of their burrows, it is impossible to pull them out, for, 
as I know by experience, they will rather suffer their tails 
to be torn from their bodies than let go their hold. 
te eh = 
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THE MOLOCH 


They are generally somewhat heavy and deliberate 
in their movements, turning their heads from side to 
side while walking, but are capable of running with 
In the cold season, at any rate, they 


tolerable speed. 


HARDWICKE’S 


never leave their burrows till the sun is well up; and 
while in Persia and India they are commonly found on 
half-desert, gravelly plains scattered over with low 
bush, the Arabian species is often met with in the clefts 
of rocks, whence it issues forth to bask on the smooth 
slabs or boulders. In some places as many as a dozen 
of these lizards may occasionally be seen on a single 
slab of rock. All the species appear to be timid and 
gentle in their disposition, rarely, if ever, attempting 
to bite when captured. 

Their food comprises leaves and flowers, dried fruits, 
and the seeds of grass, as well as grass itself; but 
although in the wild state they seem never to touch 
animal food, in captivity the Indian species will greedily 
devour meal-worms. According to Arab reports, the 
dabb never by any chance drinks, even when water is 


‘at hand, and this statement has been confirmed by 


modern observers. By the Arabs these lizards are 
frequently tamed and kept in captivity; and their 
flesh, which resembles that of young chicken, is much 
relished by them as an article of food. 

Two nearly allied lizards from East Africa—-namely, 
Aporoscelis princeps from Zanzibar and Somaliland, 
and A. batilliferus from Somaliland—while resembling 
the members of the preceding genus in general external 
characters, differ in the absence of true pores either on 
the under surface of the body or on the thighs, and are 
consequently referred to a distinct genus. Both 
appear to be rare, and are of comparatively small size, 
the first-named measuring only about 7} inches in 
length. 

THE MOLOCH 

Even more strange and uncouth in appearance than 
the frilled lizard is another Australian species, commonly 
known as the moloch (Moloch horridus), but termed by 
the settlers the spiny lizard or thorny devil. This, 
the last remaining representative of the agamas, differs 
from all the other members of the family in being covered 
with large conical spines, as well as by the confor- 
mation of its mouth and teeth. In all the groups 
described above the mouth is large and the teeth of 
both jaws are erect, but in the moloch the mouth is very 
small, and the cheek teeth of the upper jaw are placed 
horizontally, with their summits directed inwardly. 
About 8 inches in total length, this extraordinary lizard 
has ‘a small head, with an extremely short snout, on 
the summit of which are pierced the nostrils; it has 
a much-depressed body, a short and rounded tail, and 
thick, powerful limbs armed with strong claws. 

On each side of the head, immediately above the small 
eye, is a large horn curving outwards and backwards, 


SPINY-TAIL 


while there is a smaller conical spine above the nostril, 
a second behind the horn over the eye, a third and larger 
one in front of each ear, as well as one on each side of 
the occiput. Between these spines the upper surface 
of the head is protected 
by small granular 
tubercles ; while among 
the spines on the upper 
surface of the body, 
limbs, ‘and - tail. are 
similar granules inter- 
mingled with polygonal 
scales of which the 
edges are in apposition. 
On the back the spines 
form ten or more longi- 
tudinal series, of which 
the outermost are the 
largest. The lower 
surface of the body has 
a covering of rough and 
slightly overlapping 
scales, among which are numerous rounded and keeled 
tubercles. In general colour this altogether bizarre 
reptile is yellowish, ornamented with symmetrical chest- 
nut or reddish brown markings defined by darker borders. 

Inhabiting Southern and Western Australia, and 
being not uncommon in several localities in the neigh- 
bourhood of Port Augusta, the moloch is. found only 
in districts where the soilis dry and sandy. Occasionally 
two or three may be observed basking in company on 
the top of a sandhill; and it is the frequent habit of 
this lizard to bury itself in the sand to a small depth 
below the surface. Its small eyes and general manner 
indicate pretty clearly that the moloch is diurnal in its 
habits, although it is possible that it may occasionally 
move about during the night. 

Although generally very slow in its movements, it 
has been known, when disturbed, to make for a neigh- 
bouring hole with considerable speed. In repose it 


THE MOLOCH 


generally rests with the head so raised as to be on the 
level of the back. Its chief food appears to be ants, 
although vegetable substances are sometimes eaten. 
The female deposits her eggs in the sand. Toa certain 
degree the moloch is endowed with the power of 
changing its colour to harmonise with its surroundings, 
such changes taking place very gradually, although not 
infrequently. The most general change is to a uniform 
sandy slate or russet colour, when the ornamental 
markings almost completely disappear. The moloch is 
a perfectly harmless creature, its formidable-looking 
armour being never used for attack. 
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IGUANAS 


HE extensive family of lizards (Igwanide) of which 
the well-known iguanas of Tropical America and 
the West Indies are the typical representatives may be 
regarded as occupying the same position in America as 
is filled by the agamas in the warmer parts of the Old 
World. W hereas, however, the agamas are exclusively 
denizens of the Eastern Hemisphere, the iguana-like 
group is not absolutely confined to the western half of 
the globe, two genera occurring in Madagascar, and a 
third in the Fiji and Friendly Islands. Although, with 
these exceptions, the family is unknown in the Old 
World, the same perverseness which causes Anglo- 
Indians to speak of Indian crocodiles as alligators leads 
to the monitors of the Old World being commonly 
termed iguanas, although few lizards are more unlike 
than the members of these two groups, both as regards 
external and internal characters. 

In their general structural features, iguanas come 
very close to agamas.. Thus in both groups the head is 
covered with numerous small shields ; while the back is 
clothed with scales of different kinds, often arranged in 
oblique rows. Similarly, the eyes have round pupils and 
are furnished with well-developed lids, and the drum of 
the ear is frequently exposed. Both groups, again, have 
two pairs of limbs, which may be relatively “longer or 
shorter in the different 
genera, but are each 
provided with five toes. 
The length of the tail 
is subject to a large 
amount of variation, 
although it generally 
exceeds that of the 
head and body. Miore- 
over, the two families 
resemble one another 
in the form and struc- 
ture of the tongue, 
which is thick, short, 
scarcely notched, and 
generally fixed to the 
floor of the mouth 
throughout its length. 

If, however, the teeth 
of the iguanas are ccm- 
pared with those of 
agamas, there will be 
found astriking difference, which at once serves to drawa 
sharp line of distinction between the two families. As 
mentioned above (p.1513), inthe latter group the teethare 
attached to the very summits of the bones of the jaws 
(acrodont), and are commonly differentiated into front 
teeth, tusks, and cheek-teeth. In the iguanas, on the 
other hand, the tall and cylindrical teeth are attached 
by their sides to the outer wall of the jaws in the so- 
called pleurodont manner; the whole series being 
generally more or less uniform in character, and without 
large projecting tusks. 

In the typical iguanas the teeth have somewhat 
diamond-shaped compressed crowns with serrated 
edges ; and it was from a superficial resemblance to this 
type of tooth that the teeth of the great dinosaurian 
reptile from the English Wealden received the name 
of Iguancdon. A few genera, again, have the teeth 
divided into three lobes, thus resembling a fleur-de-lis. 
Many species of the family are further characterised by 
having teeth on the pterygoid bones of the palate, while 
a single genus is one of the few lizards in which there 
are teeth on the palatine bones. 

The iguanas, which comprise about three hundred 
species, arranged in fifty genera, may be regarded as 


RED-THROATED 


especially characteristic of South and Central America, 
although they extend into the warmer parts of the 
northern half of the western continent, ranging in the 
west so far as British Columbia, and in the east to 
Arkansas and the southern United States, while they 
are also represented in many of the American islands. 

Their occurrence in Madagascar (where, as in America, 
agamas are wanting) has already been mentioned, and 
it is possible that this remarkable instance of dis- 
continuous distribution may be explained by the 
occurrence of fossil remains of species of the family in 
the upper Eocene rocks of France, where agamas seem 
to have been wanting. 

Very variable in external appearance, iguanas present 
equal diversity in their modes of life, and it is not a 
little curious that, with the exception of the flying- 
lizards, almost every group of the agamas finds a 
parallel, both as regards structure and habits, in the 
present family; the two families being thus repre- 
sentative groups. There are, however, certain iguanas, 
such as the members of the anolis group and the sea- 
iguanas, which have no representatives in the preceding 
family. The majority of the iguanas feed on insects, 
although some, like the true iguanas and the sea- 
iguana, subsist on a vegetable diet, while one genus 
is stated to be omnivor- 
ous. Only two genera 
are known to produce 
living young. 


ANOLIS IGUANAS 

In the forests, groves, 
and gardens of all the 
warmer regions of 
America live a number 


of beautiful lizards 
commonly known by 
the name of anolis, 


which is applied in the 
Antilles to certain 
members of the group. 
The distinctive features 
of these lizards are the 
pyramidal form of the 
head, the moderately 
long neck, the presence 
of a broad and generally 
brilliantly-coloured appendage on the throat of the 
males, the slender body, which may be either compressed, 
cylindrical, or slightly depressed, the relatively long hind 
limbs, the large feet, in which the toes are of very 
unequal length and their middle joints expanded, with 
smooth transverse plates on the under surface, and 
the long, curved, and sharp claws raised somewhat 
above the level of the expanded joints. 

The tail is long and hard, although not prehensile ; 
the covering of very minute scales on the back and 
tail is not infrequently elevated to form a crest; the 
cheek-teeth are characterised by their distinctly 
tricusped crowns; and teeth are generally present on 
the pterygoid bones of the palate. The most dis- 
tinctive feature of these iguanas is, however, the 
possession of the power of changing their colour to 
even a greater extent than is the case with chamzleons. 

From among more than one hundred species belong- 
ing to the genus, the red-throated anolis (Anolis 
caro'imensis) of the south-eastern United States and 
Cuba is selected as an example. In this species 
the head, which is long, triangular, and depressed, 
is nearly smooth in the young, pe er in the adult has 
well-marked frontal ridges, and some large rough 
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shields on the crown, and the appendage on the 
throat of the males is relatively small. The body 
1s not compressed, is flat beneath, and not keeled above; 
the scales on its upper and lower surfaces being 
keeled and approaching a hexagonal form, with 
their edges either in apposition or slightly overlapping. 
The tail is cylindrical and tapering, with some slightly 
enlarged scales on its upper surface, and nearly equal 
to twice the length of the head.and body. 

_ In the living animal the colour of the upper surface 
is brilhant metallic green, and that of the under 
parts silvery white; the appendage on the throat of 
the males, which is covered with white scales, is-red ; 
there is a large blue eye-like spot above the axilla of the 
fore limb, and the region of the tail is ornamented 
with black markings. In some specimens the green 
colour passes more or less dis- 
tinctly into brownish or brown; 
and when excited these reptiles 
are able to change their general 
hue from greenish grey, through 
‘dark grey and brown of all 
shades, to the ordinary metallic 
green. In length this lizard 
varies from 54 to nearly g inches, 
according to sex; fully two- 
thirds of these dimensions being 
taken up by the tail. 

In Louisiana, Carolina, and 
Cuba the red-throated anolis is 
one of the most common of 
lizards, and may be noticed in 
all suitable spots, such as woods 
and garden hedges, as well as 
in the exteriors, and sometimes 
also the interiors, of dwelling- 
houses. Like their congeners, 
they are, however, to be met 
with most abundantly in the 
deep woods, where they so 
closely assimilate to their sur- 
roundings that their presence, 
when at rest on a bough, is 
generally only revealed by their 
brilliant eyes. In houses these 
lizards exhibit but little fear of 
man, running about with the 
greatest unconcern in search of 
flies and other insects; and as, 
in addition to gnats, flies, butter- 
flies, beetles, and spiders, they 
kill and ‘eat wasps, scorpions, 
and other noxious creatures, 
their visits are encouraged. 

In motion throughout the day 
they display extreme activity 
and speed, both when hunting 
among the foliage of trees and on 
the ground, pouncing upon their insect prey like a cat 
upon a mouse. In the spring, during the breeding 
season, the males display a great jealousy of one 
another, so much so, indeed, that when two meet 
a combat is certain to ensue, and is often continued 
till one of the combatants has lost its tail, which 
appears to be taken as an immediate sign of 
defeat. During these battles the bag-like appendage 
on the throat is inflated, and the changes of colour 
are more rapid than at any other time. With the 
advent of summer these mutual animosities are, 
however, forgotten, and these lizards dwell together 
in perfect amity, sometimes collecting in large com- 
panies. Females of some of the species are stated to dig 
holes for the reception of their few white eggs with 


THE CUBAN ANOLIS 
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their fore paws, at the foot of a tree or in some moist 
spot near a wall, afterwards carefully covering them 
with soil to protect them from the sun’s rays. The 
species represented in the illustration on page 1520 
is, however, said to be very careless in regard to 
the place where its eggs are deposited; these 
being found either on bare sand or rocks, or even 
in rooms. 

The red-throated anolis, like most of its kindred, 
can be readily tamed, and makes a most charming pet, 
which can be, without much difficulty, transported to 
Europe. Writing of a pair which were at one time-in 
his possession, Professor T. Bell states that he “ was 
in the habit of feeding them with flies and other insects, 
and having one day placed in the cage with them a 
very large garden spider, one of the lizards darted 
Elie aly Joven iavetgl | ahr onal? “loyy7 
the leg. The spider instantly 
ran round and round the crea- 
ture’s. mouth, weaving a very 
thick web round both jaws, and 
then gave it a very severe bite 
in the lip, just as this species of 
spider usually does with any 
large insect it has taken. The 
lizard was greatly distressed, 
and I removed the spider and 
rubbed off the web, the con- 
finement of which appeared to 
give it great annoyance; but 
in a few days it died, though 
previously in as perfect health 
as its companion. ‘The lizard 
was evidently unused to the 
wiles of the British spider.” 

The crested anolis (4. cuvzert), 
belonging to a small group with 
compressed and crested bodies 
and tails, is remarkable for the 
great extent to which the pouch 
on the throat can be inflated— 
probably for the purpose of terri- 
fying foes. Another well-known 
species is the Cuban anolis (A. 
equestyis) of Cuba and Jamaica. 

Two lizards, respectively from 
Jamaica and Colombia, differ 
from all the species of true 
anolis in having prehensile tails, 
in consequence of which they 
are referred to a distinct genus— 
Xtiphocercus. In a third genus, 
Chamelolis, the  cheek-teeth 
have smooth and nearly spherical 
crowns, 


BASILISKS 


The strange form of the mem- 
bers of the genus Basiliscus probably suggested to the 
earlier naturalists the imposition of the name basilisk, 
a term which appears to have originally denoted a 
fabulous snake-like reptile before whose deadly glance 
every living being save the cock perished. _ Be this 
as it may, the reptiles now known as basilisks are 
large, although perfectly harmless, members of the 
present family, belonging to a group distinguished 
from the preceding one by the absence of dilatation 
of the toes, and the more or less marked backward 
prolongation of the hind portion of the head. 

In the presence of a large crest on the upper surface 
of the tail the basilisks recall the fin-tailed lizard in the 
agama group, of which, indeed, they may be regarded 
as the representatives in the present family. As a 
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\ a more defined one from the region 
of the eye to the fore limb. 

The banded basilisk (B. vittatus), 
ranging from Mexico to Ecuador, 
represents a second group of the 
genus. in which the tail-crest of 
the males is low, and not supported 
by bony rays. In this species 
the scales of the under surface 
of the body are keeled, whereas 
in the allied B. galeatus they are 
smooth. In general appearance all 
the basilisks suggest the idea of 
lizards upon whose backs has been 
grafted a fish’s fin. As regards 
habits, all the members of the 
genus spend their time either on 
trees or bushes, often basking in 
the sun on fallen stems, and seldom, 
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if ever, venturing far from the 
neighbourhood of water. Most 


numerous in the vicinity of rivers, 
basilgks are, indeed, so common 
in Guatemala that the collector 
has no difficulty in obtaining as 
many specimens as he may desire, 
although the rapidity of their move- 
ments is so great that some practice 
is required to effect their capture. 
Their food is entirely of a vege- 
table nature; and to gather this 
the basilisks are astir with the first 
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genus, they are characterised by the head in the adult 
males being produced backwards into a large carti- 
laginous lobe; the compressed form of the body 
and tail, which are covered with small overlapping 
scales ; and the presence of a crest on the back and tail 
in the males, such crests being always supported on 
the back by the prolonged spines of the vertebre, and 
frequently also in the tail. 

Although there is a transverse fold on the throat, 
the pouch characterising the anolis iguanas is wanting. 
The long limbs are covered with keeled scales, and the 
outer sides of the hind toes have a much-developed lobe 
of skin. The cheek-teeth have three-cusped crowns, 
and teeth are borne on the pterygoid bones. Internally 
basilisks form an exception to the members of this and 
the two preceding families in that the inner extremities 
of the collar-bones have a loop-like expansion, as in 
geckos; and they differ from the anolis iguanas in 
the absence of the false abdominal ribs so frequently 
present in this and the preceding families. 

The basilisks are represented by four species:from 
Tropical America, among which the helmeted basilisk 
(B. americanus) is the one most commonly known. The 
largest representative of the genus, attaining a length 
of about 31 inches, of which nearly three parts are 
taken up by the tail, it is one of two species characterised 
by the great height of the crest of the tail in the males, 
which is supported by prolongations of the spines of 
the vertebrz. Inhabiting Panama and Costa Rica, 
it is specially characterised by the undivided head- 
crest of the males, and the circumstance that the scales 
on the under surface of the body are smooth. ‘The 
natural colour of this reptile is probably green, although 
specimens preserved in spirit are olive brown above 
and dirty white beneath. The back is marked with 
more or less distinct blackish transverse bands, and a 
lightish streak runs from the temple to the neck, and 


rays of dawn, but during the heat 


of the day they prefer to rest 
among the most leafy boughs. 
At the  shghtest sound they 
raise the head, inflate the throat, and _ elevate 
the crest; and as soon as the bright, yellow- 


irised eye detects the presence of a foe, basilisks 
throw themselves instantaneously into the water above 
which they are usually reposing. In swimming, the 
head and neck are raised, the fore limbs serve the part 
of propellers, while the crested tail acts as a rudder ; 
hence the common name of “ferrymen”’ locally 
applied to these lizards. At the end of April or 
beginning of May the female lays from twelve to 
eighteen eggs in some cranny at the foot of a tree, 
where they are left for the sun to hatch. 


RIDGE-HEADED IGUANAS 

Nearly allied to the basilisks are the three species 
of Central American ridge-headed iguanas (Corytho- 
phanes), characterised by the head being prolonged 
backwards into a bony, helmet-like projection, while 
the tail is devoid of a crest, although the neck and 
back are provided with a low appendage of this nature. 
On the throat there is both a pouch and a transverse 
fold. The most interesting of the three species is C. 
hernandezt, in which the head is crowned with a helmet- 
like prolongation so like that of the chameleon that 
the reptile is commonly spoken of under that name by 
the Mexicans. Like the anolis, these reptiles are in 
the constant habit of changing their somewhat sombre 
colours ; and it has been observed in a captive specimen 
that, whereas the patch on the pouch was white during 
the day, at night it assumed, like the other light parts 
of the body, a blackish hue. 


STILTED IGUANAS 
While agreeing with the basilisks in having the plates 
oa the under surface of the toes distinctly keeled, 
there are a number of genera in the family distinguished 
by the absence of any backward prolongation of the 
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crown of the head. Among ' 
these may be mentioned the 
stilted iguanas (Uvranisco- 
don), specially characterised 
by the large size of the 
occipital shield of the head, 
the presence of a vacuity in 
the breast-bone, the small 
or moderate-sized scales of 
the tail, the long and highly- 
curved toes, and the presence 


of tusk-like teeth in the 
jaws. 
Of the two representa- 


tives of the genus, both of 
which have a wide distri- 
bution in South America, 
U. umbra attains a length 
of about a foot, two-thirds 
of which are occupied by 
the long and cylindrical tail. 
It has a short and frog- 
like head, raised into curved 
ridges over the eyes, with 
the muzzle very blunt, and 
the lower jaw longer than | 
the upper. The skin of the : 
neck is curiously puckered 
inferiorly, the folds forming 
a pair of pouches on the sides, although there is no 
pouch on the throat. In form the body is at most 
but slightly compressed, with a low and slightly ser- 
rated crest running from the nape down to the back, 
and the uniform scales of the back are small and over- 
lapping, and those on the top of the head enlarged. 
The long and bent toes are markedly compressed, and 
furnished with short but strong claws. 

In colour this species is one of the handsomest of its 
tribe. The general ground-colour of the upper parts 
is reddish or purplish brown, ornamented with more 
or less distinctly defined blackish transverse bars; a 
broad black band traverses the fold in front of the 
shoulder, and may extend across the nape; while 
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An inhabitant of the great primeval forests of South 
America, the stilted iguana has the power of changing 
colour, and is consequently often designated a 
chameleon. It generally associates in pairs, dwelling 
among trees, and its food appeais to be entirely of a 
vegetable nature. When disturbed, it rushes suddenly 
up a high branch, where it stands with outstretched 
head and neck and widely open eyes, gazing steadily 
at the intruder. Should it be unable to escape other- 
wise, the reptile raises its neck still higher, inflates 
the neck-pouches, and, with a sharp cry, springs boldly 
into the air. 

There is a very large number of genera, agreeing 
with those hitherto noticed in the absence of pores on 
the thighs, which the limits of 
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frequently in front of this band there is a large yellowish 
orange spot on each side of the neck. On the under 
surface the colour is brownish or yellowish, either 
uniform or clouded with brown markings. 
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space prevent being even mentioned. 
Attention may accordingly be 
directed to certain representatives 
of the second great group of the 
family, in which such pores are 
present. 


THE SEA-IGUANA 


Both as regards their fauna and 
flora, the Galapagos Islands stand 
altogether apart from the rest of 
the world, the greater number of 
their animals. and plants being 
absolutely peculiar—it may be spe- 
cifically or it may be generically— 
while herbivorous reptiles take the 
place occupied on the continents of 
the world by vegetable-eating mam- 
mals. In no case, however, is 
this peculiarity more marked than 
in the occurrence in such a limited 
area of two distinct genera of the 
present family, each represented 
by a single species. Remarkable 
alike for special features connected 
with their dentition, as well as for their large bodily size, 
these two iguanas differ widely from the rest of the 
family. Whereas, however, the one is a land-reptile, 
the other is unique among the entire suborder to which 
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it belongs in being marine and subsisting on seaweeds. 
Agreeing with the great majority of that section of 
the family characterised by the presence of pores on 
the thighs, and by the fourth hind toe being longer 
than the third, the sea-iguana, together with the 
terrestrial species inhabiting the same islands, differs 
from all the rest in that the front teeth resemble those 
of the cheek series in having three-cusped crowns, so 
that the entire set ‘of 
teeth is uniform in 
character. 

From its terrestrial 
ally, the sea-iguana 
(Ambodlyrhynchus cYts- 
tatus) is distinguished 
by rts much-compressed 
and crested tail, as well 
as by the presence of an 
incipient web between 
the ioes. This lizard; 
which is the largest 
member of the family, 
and attains a _ total 
length of some 53 inches, 
is characterised by the 
compressed form of the 


body and tail, and the 
extremely short and 
truncated head. A 


well-marked crest runs 
from the nape of the 
neck to the tip of the 
tail, and the whole build 


of the animal is stout 

and “chubby.” The 

throat is devoid of a 

pouch, although it has 

a well-mez irked trans- 

verse fold, and the toes - 

are laterally com- GALAPAGOS 


pressed. In the small 

and convex head the nostrils are situated near the end 
of the muzzle, the eye and aperture of the ear are alike 
small, and the upper surface is surmounted by a number 
of conical spine-like shields of relatively large size. 

The investing scales of the body are small, and, 
although keeled on the back, smooth below. In the 
stoutly-made limbs the toes are rather short, the third 
one in the hind foot being strongly serrated on the inner 
border of its basal joint. The compressed and crested 
tail is about equal to one and a half times the length of 
the head and body, and covered with equal-sized keeled 
scales. In colour this lizard is black or blackish brown 
above, with the abdomen and the inner surfaces of the 
thighs not infrequently dirty white. In the young 
state, however, the upper parts are brown with paler 
spots, and more or less distinctly marked with dark 
cross-bars on the back. In weight full-grown examples 
reach as much as 20 pounds. 

The sea-iguana is extremely common on the rocky 
coasts of the various islands of the Galapagos group, 
but is seldom found more than some ten yards from the 
shore. Of its habits Darwin writes that ‘‘ this lizard 
swims with perfect ease and quickness by a serpentine 
movement of its body and flattened tail—the legs being 
motionless and closely collapsed on its sides. A seaman 
on board sank one, with a heavy weight attached to 
it, thinking thus to kill it directly; but when, an hour 
afterwards, he drew up the line, it was quite active. 
Their limbs and strong claws are admirably adapted 
for crawling over the rugged and fissured masses of 
lava which everywhere form the coast. In such 


situations, a group of six or seven of these hideous 


reptiles may oftentimes be seen on the black rocks, a 
few feet above the surf, basking in the sun with out- 
stretched legs.” 

After mentioning that the stomachs of several 
examples that were examined contained finely minced 
seaweed, and also observing that the droves seen 
swimming out to sea were doubtless in search of food 
of this nature, the same author proceeds to state that, 
when frightened, these 
lizards absolutely refuse 
to enter the water. 
“ Hence,”’ he continues, 
‘it is easy to drive 
these lizards down to 
any little point over- 
hanging the sea, where 
they will sooner allow a 
person to catch hold of 
, their tails than enter the 
water. They do not 
seem to have any notion 
of biting, but when 
much frightened they 
“squirt a drop of fluid 
from each nostril. 

‘‘T threw one several 
times as far as I couid 
into a deep pool left by 
, the retiring tide, but it 
invariably returned in a 
direct line to the spot 
where Istood. Itswam 
near the bottom, with a 
very graceful and rapid 
movement, and occasion- 
ally aided itself over 
the uneven ground with 


its feet. As soon as it 
arrived near the edge, 
SEA-IGUANA but still being under 


water, it tried to conceal 
itself in the tufts of seaweed, or it entered some crevice. 
As soon as it thought the danger was past, it crawled out 
on the dry rocks, and shuffled away as quickly as it 
could. I several times caught the same lizard by 
driving it down to a point, and, though possessed of 
such wonderful powers of diving and swimming, 
nothing would induce it to enter the water; and 
often as I threw it in, it returned in the manner above 
described. Perhaps this singular piece of apparent 
stupidity may be accounted for by the circumstance 
that this reptile has no enemy whatever on shore, 
whereas at sea it must often fall a prey to the numerous 
sharks.” 


GALAPAGOS LAND-IGUANA 


Although originally included in the same genus as 
its aquatic cousin, there seems no doubt that the land- 
iguana of the Galapagos (Conolophus subcristatus) is 
entitled to stand as the representative of a distinct 
generic group; the nearly cylindrical tail and perfectly 
free toes being distinctive characters which can- 
not well be overlooked. Not reaching within some 
tr inches of the dimensions attained by the last, this 
igwana is likewise a stoutly-built lizard, with the rather 
small head slightly longer than broad, the body some- 
what depressed, a slight spiny crest on the nape, con- 
tinued as a low ridge on the back, the scales of the 
latter small and keeled, but the slightly larger ones on 
the lower surface smooth. 

Although devoid of a pouch, and with a very slight 
transverse fold, the throat is strongly plicated longi- 
tudinally, and covered with minute granules. The 
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stout lmbs terminate in very short toes, of which 
the third in the hind foot is serrated on the inner margin 
of its basal joint. On the thigh the pores are arranged 
in a long series, and vary from seventeeen to twenty- 
one in number. In length the tail scarcely exceeds the 
head and body, while in form it is slightly compressed, 
having a low ridge superiorly, and being covered with 
small keeled scales of uniform size. In general colour 
this lizard is dark brown, with its head and under parts 
lighter, 

These iguanas are confined to the central islands of the 
Galapagos group, such as Albemarle and James. Islands, 
where they were formerly found in great numbers in 
the low, barren districts near the coasts, although also 
met with in the elevated-damp regions of the interior. 
On James Island Darwin found them so numerous that 
it was difficult to obtain a spot free from their burrows 
on which to pitch a tent. Attaining a weight of from 
1o to 15 pounds, these lizards are lazy and sluggish in their 
movements, crawling slowly along with their bellics 
and tails dragging on the ground, and often stopping 
for a minute or two to doze with closed eyes, and the 
hind limbs stretched out on the arid soil. 

According to Darwin’s account, “they inhabit 
burrows, which they sometimes make between frag- 
ments of lava, but more generally on level patches of the 
soft sandstone-like tufa. The holes do not appear to 
be very deep, and they enter the ground at a small 
angle; so that, when walking over these lizard-warrens, 
the soil is constantly giving way, much to the annoy- 
ance of the tired walker. This animal, when making 
its burrow, works alternately the opposite sides of its 
body. One front leg for a short time scratches up 
the soil, and throws it towards the hind foot, which is 
well placed so as to heave it beyond the mouth of the 
hole. That side of the body being tired, the other 
takes up the task, and so on alternately. 

Sdneva teed=. by: 
day, and do not 
wander far from 
their burrows; if 
frightened, they 
rush to them with 
a most awkward 
gait. Except when 
running downhill, 
they cannot move 
very fast, appar- 
ently from the 
lateral position of 
paen swerss se Lhey 
Ae eenO teats al) 
timorous; when at- 
tentively watching 
anyone, they curl 
theira tails" -and? 
raising themselves 
on their front legs, 
nod their heads 
vertically, with a 
quick movement, 
and try to look very 
fierce; butinreality | 
they are not so at 
Allee hem ONC mats 
stamps on the ground, down go their tails, and off 
they shuffle as quickly as they can.” ee 

If worried with a stick, these lizards will bite it 
severely ; and when two are held together on the 
ground they will fight and bite till blood flows. ‘‘ The 
individuals, and they are the greater number, which 
inhabit the lower country can scarcely taste a drop of 
water throughout the year; but they consume much of 
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the succulent cactus, the branches of which are occa- 
sionally broken off by the wind. I several times threw 
a piece to two or three of them when together ; and it 
Was amusing enough to see them trying to seize it and 
carry it away in their mouths, like so many hungry 
dogs with a bone.” 

These iguanas also eat the leaves of several trees, 
more especially of an acacia, to obtain which they ascend 
the low, stunted trees, on the boughs of which they 
may often be observed quietly feeding. The females 
lay large eggs of an elongated form in their burrows; 
both these and the flesh of the lizards themselves being 
eaten by the inhabitants of the Galapagos. 


TYPICAL IGUANAS 


The typical iguanas, of which there are two closely- 
allied species from Tropical America and the West 
Indies, differ from the two preceding genera in that the 
edges of the crowns of the cheek-teeth are serrated, 
while the front teeth are simply conical. The distinctive 
features of these iguanas are to be found in the long and 
much compressed body, the large four-sided head, 
covered above with enlarged scales, the short neck, 
powerful limbs, long-toed feet, and the much-elongated 
tail, on which the scales are uniform and keeled. 
The throat is furnished with a large non-dilatable 
appendage, in front of which is a crest of big, compressed 
scales; and a continuous crest of long spines runs 
from the nape along the back, and is continued as a ridge 
on the tail. 

The scales on the back are small, equal, and keeled ; 
the neck has some scattered, large, conical or bluntly- 
keeled turbercles, and there are also some large tuber- 
cular scales on the sides of the throat, more especially 
one below the aperture of the ear, but on the under 
parts the scales are either smooth or slightly keeled. 
The pores on the thigh are numerous, and, in addition 
Lo) those) intesthe 
margins of the jaws, 
there are teeth on 
the pterygoid bones 
of the palate. 

The common 
iguana (Iguana 
tuberculata) attains 
a length of as much 
as a yard and a 
half, two-thirds of 
which are occupied 
by, thes stal ie 
general colour is 
green or greenish, 
becoming lighter on 
the under parts; 
but the upper sur- 
face may be either 
uniform or varie- 
gated with darker 
brownish bands, 
the flanks usually 
having light-edged 
vertical dark bars, 
while the tail has 
more or less distinct 
dark rings. There 
is frequently a whitish band in front of the arm, and 
some of the large tubercular scales on the sides of the 
throat and neck are often light-coloured. 

Both species of iguanas, of which there are several 
varieties, are essentially arboreal lizards, generally 
frequenting those regions of the forests where the trees 
overhang the water. Here they move with great 
agility, climbing or springing from bough to bough, the 
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harmony of their colouring to 
their surroundings rendering 
them well-nigh invisible. To- 
wards evening they not in- 
frequently descend to the 
ground to feed, but when 
frightened immediately rush 
to the topmost boughs of the 
trees or plunge headlong into 
deep water. In the latter ; 
element they are, indeed, per- ! 
fectly at home, and swim 
strongly and swiftly, with 
their limbs closely applied to 
their bodies, and impelled by 
their powerful tails. They 
are likewise expert divers, fre- 
quently remaining for a con- 
siderable time below the sur- 
face; their activity in the 
water being such that they are 
able to avoid all enemies save 
crocodiles and caimans. 
Their chief food consists 
of leaves, flowers, and berries, 
although they will also eat 
insects ; the numbers of small 
worms sometimes found in 
their stomachs having prob- 
ably been swallowed accident- 
ally. Generally seeking to 
escape at once from human 
beings, iguanas when unable 
to flee show fight, erect their 
heads and assume a fierce 
aspect, while at close quarters 


nm 


they bite savagely and ad- 
minister severe blows with 
their powerful tails. The 


female deposits from eight to 
seventeen eggs in a hole dug in sandy soil, but as 
several individuals not infrequently lay together, as 
many as ten dozen eggs may be found in a single nest, 
In spite of their somewhat repulsive appearance, 
iguanas are hunted for the sake of their flesh, which is 
white in colour and delicate in flavour, and is said to 
resemble the breast of a chicken. In Mexico, where 
they fetch as much as ten shillings each, live iguanas are 
offered for sale tied to bamboos by the sinews of their 
own legs. The eggs also, which consist almost entirely 
of yolk, are highly esteemed as articles of diet. Iguanas 
are generally captured by means of nooses, which are 
thrown over their heads as they repose on the branches. 


RHINOCEROS IGUANA 


The much smaller rhinoceros iguana (Metopoceros 
cornutus), of San Domingo, constitutes a separate 
genus, distinguished by the presence of an inflatable 
pouch on the throat and of a pair of small longitu- 
dinally-disposed horns on the nose. 


RING-TAILED IGUANA 

The West Indian ring-tailed iguana (Cvelura cavinata) 
is selected to represent a group of genera distinguished 
from the foregoing by the crowns of the cheek-teeth 
being three e-cusped or simply conical. While four of 
these genera—among which is the Fijian iguana (Brachy- 
lophus fasciatus)—are characterised by the shortness of 
the row of pores on the thigh, the present species is 
one of those in which they form a long series ; and it 
is further characterised by the presence of a serrated 
crest down the back and tail, and also of a pouch and 
slight transverse fold on the throat. The head is large, 
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swollen below the ears, and furnished with enlarged 
scales on the snout, while the body and tail are com- 
pressed, the body being covered with small scales. 

The species derives its name from the rings of keeled 
scales which form regular segments on the sides of the 
tail; each segment being composed of from three to 
five series of small scales, and a single series of larger 
and somewhat spiny ones. The toes are compressed, 
and covered below with keeled plates. In total length 
this iguana reaches about 48 inches, and its general 
colour is green or dark olive, speckled with darker and 
lighter tints, and frequently marked with blackish 
transverse bands. 

The ring-tailed iguana is a somewhat local species, 
occurring most abund: intly in Jamaica, on the limestone 
mountains in the neighbourhood of Kingston Harbour 
and Goat Island, but also met with on the low grounds 
lying between the coast ranges and the higher mountains 
of the interior, where hollow trees occur. Shy and 
retiring in their habits, these reptiles live in pairs, and 
display no great partiality for water, although they can 
swim as well as the true iguanas. They feed mainly on 
grass, and when disturbed in grazing rush back to the 
trees with extraordinary speed, sometimes taking flying 
leaps like a frog, although their movements are generally 
slow. Ifunable to escape, they show fight in the same 
way as the true iguanas. The ring-tailed iguana exhales 
a disagreeable smell, so objectionable as to cause even 
ants to forsake a room into which one is brought. 


BLACK-TAILED IGUANA 


The black-tailed iguana (Ctenosaura acanthura), which 
inhabits Lower California and Central America, is 
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characterised by the shortness 
of the row of pores on the 
thigh, the slight compression 
of the body, and the presence 
of a crest of spines down the 
back, and of a pouch on the 
throat. The females lay their 
eggs in company, and the flesh, | 
unlike that of the ring-tailed | 


EXTINCT IGUANAS | 


Here it may be mentioned 
that the vertebre of iguanas } 
differ from those of agamas | 
and most other lizards in being 
furnished with additional artic- 
ular facets like those of snakes. 
Vertebre of this type occur in 
the upper Eocene rocks of 
Europe, and have been assigned 
to Iguana, although it is likely 
that they indicate an extinct 
genus. Somewhat similar }; 
vertebree from Tertiary strata 
of the United States have been 
described as Iguanavus. 


HORNED IGUANAS 


The last, and at the same time Bests 
the most peculiar, members of 
the present family are the : 
horned iguanas of southern North America, which may 
be regarded as the representatives of the moloch lizard 
among the agamas. From their short, rounded heads, 
abbreviated bodies, and shortened tails, coupled with 
a general batrachian appearance, these lizards are 
commonly termed toads in America, the popular name 
of the typical species (Phrynosoma cornutum) being the 
Californian, or horned, toad. 

Strange and ugly in appearance, these lizards 
are at once distinguished from all their allies by the 
presence of several bony spines projecting from the 
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Photo, C. R. Walter 


back of the shortened head, and of tubercles or spines 
scattered among the ordinary scales of the body. In 
form the body is broad and depressed, without any 
crest down the back, and the tail is very thick at the 


base, and never longer than the body. The limbs are 
rather long, with pores on the thighs, and keeled plates 
on the lower surfaces of the toes. 

From most other members of the family these lizards 
are distinguished by the absence of teeth on the palate. 
Of the twelve species of the genus, the best known is 
the common horned toad, which has the tail longer 
than the head, distinct spines on the 
back, and the drum of the ear naked. 
Its general appearance is even more than 
superficially toad-like, the head being as 
broad as long, and the body remarkable 
for its extreme plumpness. Measuring a 
little over 5 inches in length, this species 
is rather handsomely coloured. Above, 
the ground-colour is greyish or brownish, 
with a more or less well-marked light 
stripe down the back, and dark brown 
spots at the bases of the larger spines, 
while there are likewise markings of the 
same colour on the nape and_ head. 
Beneath, the hue is yellowish, with or 
without a few small brown spots. In 
two species of the genus the tail does not 
exceed the head in length. 

The common species is found locally in 
sandy districts both on the plains and 
mountains, and is insome places abundant, 
although from its coloration frequently 
escaping notice. In spite of its somewhat 
formidable appearance, it is a harmless 
creature, not attempting to bite even 
when captured. Lacking the protrusive 
tongue of the chameleon, and being de- 
barred by its clumsy form from running 
fast, the horned lizard is unable to capture 
the swifter insects, and consequently 
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preys upon sand-haunting beetles, whose speed is 
inferior to its own ; such prey being generally captured 
in the evening, and the creature lying passive on the 
sand during the day. 

Some species of horned lizards are remarkable as being 
the only members of the jamily, save one other genus, 
which produce ving young ; the number of young being 
in some instances as many as twenty-four. Always 
small feeders, these lizards are capable of undergoing 
long fasts with impunity ; and as they are habituated 
to a dvy atmosphere, and probably never drink, they 
may be sent packed in wadding long distances by post. 

The most remarkable peculiarity connected with these 
lizards is their habit of ejecting 1ets of blood from the 
eyes, apparently as a means of defence. The following 
letter from Mr. V. Bailey, written from California in 


1891, describes the phenomenon as first observed by 
him: ‘ I caught a horned toad to-day that very much 
surprised Dr. Fisher and myself by squirting blood 
from its eyes. It was on smooth ground, and not in 
brush or weeds. I caught it with my hand, and just 
got my fingers on its tail as it ran. On taking it in my 
hand, a little jet of blood spurted from one eye, a 
distance of fifteen inches, and spattered on my shoulder. 
Turning it over to examine the eye, another stream 
spurted from thé other eye. This it did four or five 
times from both eyes, until my hands, clothes, and gun 
were sprinkled over with fine drops of bright red blood. 
I put it in a bag and carried it to camp, where, about four 
hours later, I showed it to Dr. Fisher, when it spurted 
three more streams from its eyes.’’ The phenomenon 
has been subsequently observed in other specimens. 


GIRDLE-TAILED LIZARDS 


O™tTING mention of a family represented only by 

one genus (Xenosaurus) and species from Mexico, 
the next group for consideration is that of the girdle- 
tailed lizards (family Zonuride), from Tropical and South 
Africa and Mz idagascar, of which there are four genera. 


such are present. In the South African snake-like 
genus Chamesaura the fore limbs are wanting, and the 
hind pair rudimentary, while the tail is of extraordinary 


length. All the members of the family appear to be 
carnivorous. As an example of this small family, 
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These lizards, which may be e:ther snake-like in form or 
provided with four fully-developed limbs, differ from 
all those hitherto described, with the exception of 
certain geckos, in having the temporal pits of the skull 
roofed over with bone, while they are further 
characterised by a fold covered with small scales running 
along the sides of the body and marking off the upper 
from the under parts. The tongue is simple, with its 
front portion not extensile, and the tip.either rounded 
or but slightly notched, while there are well-developed 
eyelids, and the drum of the ear is exposed. The back 
is clothed either with large, shield-like, and mostly 
keeled, scales, arranged in well-marked transverse zones 
or, more rarely, with granules, and the head is protected 
oy large, regular shields. As regards teeth, these 
lizards conform to the pleurodont type, each tooth 
having its base widely open. 

Resembling in many respects the iguanas, from 
which they are distinguished by the ossifications in the 
skull, these lizards also approach the members of the 
next family, from which they differ by the simple form 
of the tongue, the hollow bases of the teeth, and the 
structure of the bony plates underlying the scales, when 
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special mention may be made of the members of the 
South African girdle-tailed lizards of the genus Zonurus, 
of which there are several species. These lizards, which 
differ from the other three genera in having the scales 
of the back underlain by bony plates of simple structure 
resemble in appearance the rough-tailed lizard among 
the agamas. They have flattened triangular heads, and 
tails of moderate length. On the upper surface the neck 
and back are covered with large quadrangular shield-like 
scales, while beneath there are large, flat shields; the 
limbs bearing keeled, overlapping shields, and the tail 
being protected with whorls of spiny scales. The teeth 
are small, and the rounded tongue is scarcely notched. 
One species (Z. cordylus), which attains a length of 
rather less than 8 inches, generally has the back and 
tail of a dirty orange-colour, the head and feet of 


lighter yellow, and the under parts white, although 
there are considerable variations from this normal 


coloration. All the members of the genus inhabit rocky 
districts, and prefer those where there are ledges, upon 
which they run in search of food or warmth. “They are 
excellent climbers, and far from easy to catch, often 
ee their tails with their would-be captors. 


SLOW-WORM_ TRIBE 


EARLY allied to the preceding family is a small 
group of lizards (A nguid@) of variable bodily form, 
typified by the common English slow-worm, or blind- 
worm. Rigid in their bodies, and having large sym- 
metrical bony shields on the top of their heads, these 
snake-like lizards resemble girdle-tails in the presence 
of bony plates beneath the overlapping scales, and also 
in that the temporal pits of the skull are roofed over 
with bone. They differ, however, in that the bony 
plates beneath the scales are permeated by a series 
of radiating or ir- 
regularly-arranged fF 
canals, and also in the 
conformation of the 
tongue. The latter is 
composed of two dis- 
tinct portions, namely, 
a thick basal half, 
covered with rough 
papillae, and a smaller 
_ thin terminal moiety 
coated with scale-like 
papillae, which is ex- 
tensile and capable of 
partial withdrawal 
into a sheath formed 
by a transverse fold 
at the front of the 
basal half. As regards 
dentition, some of the 


and about fifty species, this family is most numerously 
represented in Central America and the West Indies, a 
few species occurring in North and South America, two 
in Europe, and one in the Himalaya and Burma ; all 
the forms with functional limbs being American. 
Attention is here restricted to a couple of the snake-like 
genera. 
SCHELTOPUSIKS OR GLASS-SNAKES 

The snake-like reptile termed Ophisaurus apus was first 
discovered by the German naturalist Pallas in the wooded 
valleys of the steppes 


bordering the Volga, 
where it is known, in 
common with true 


snakes, by the name 
of scheltopusik, a term 
which may be con- 
veniently applied to 
, all the members of 
the present genus. 
The species was sub- 
sequently discovered 
in other parts. of 
| Russia, as well as in 
Hunearya ls tata 
» Dalmatia, Greece, 
| Asia Minor, Syria, 
| Persia, Transcaucasia, 
_ Transylvania, and 


oS oo 22055 Turkestan, and is re-- 


species have tuber- 
cular or conical teeth 
attached to the sides of 
the walls of the jaws in the typical pleurodont manner ; 
but in the slow-worms the teeth are long, curved, loosely- 
attached fangs, very like those of serpents. Instead of 
hollowing out the bases of the old teeth, as in the preced- 
ing family, the new ones grow up beneath them; and 
there may or may not be teeth on the bones of the palate. 

Some of the members of the family agree with the 
preceding in having a 
longitudinal fold along 
the sides of the body, 
while in others it is 
absent; and there is 
a similar variation in 
external form, some 
genera having fully-- 
developed _five-toed 
limbs, while in others 
all external traces of 
these appendages have 
disappeared. 

In regard to the 
covering of the head, 
it should specially be 
noticed that there is 
alarge occipital shield 
at its hind extremity. 
All the species differ 
from the majority of 
lizards in changing 
their skin in a single 
piece, in the fashion common to most of the snakes. 

With the exception of some species of the American 
genus Gerrhonotus, which ascend low bushes, these 
lizards live on the ground; and all of them are Car- 
nivorous, the larger species preying on reptiles and other 
vertebrates, and the smaller kinds on insects, spiders, 
slugs, and worms. While slow-worms produce living 
young, the others lay eggs. Containing seven genera 


AMERICAN SCHELTOPUSIK 
Photo, Dr. J. H. C. Connell 


THE SCHELTOPUSIK 
Photo, W. B. Johnson 


placed in Morocco by 
a more  brilliantly- 
coloured race. Four 
other species are also known, which extend the range of 
the genus to North-Eastern India, Burma, and North 
America, one from the latter continent (O. ventralis) 
being figured on this page. 

Agreeing with the American four-limbed genus 
Gerrhonotus in the presence of a fold along the sides-of 
the body, and the more or less conical teeth, schelto- 
pusiks are distin- 
guished by their 
moderately- elongated 
snake-like form, and 
Gives wal bisie nt Cemmon 
functional limbs; the 
European __ species 
alone having the hind 
pair represented by 
minute rudiments on 
the sides of the vent. 
The bodies of these 
reptiles are covered 
with squared scales, 
arranged in straight 
longitudinal and 
transverse series; and 
their mouths are 
furnished with teeth 
on the pterygoids, and 
in certain cases on 
some of the other 
bones of the palate. 

Underlying the scales is a beautifully-made armour 
of small bony plates, united to form a continuous sheath. 
The European species, which, in addition to rudi- 
ments of hind limbs, is distinguished by an aperture 
to the ear, attains a length of rather more than a 
yard, of which about two-thirds are occupied by the 
tail. The arrangement of the shields on the head is 
very much the same as in the slow-worm; and the 
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general colour is brown, becoming lighter on the 
lower surface. The young are, however, olive 
grey, with wavy dark brown cross-bands on the back, 
and bars on the sides of the head. 

Dwelling among the dense underwood of thickly- 
wooded valleys, the scheltopusik harmonises so closely 
in colour with its surroundings that it can only with 
difficulty be de- ; 
tected as it glides 
away among the 
dead leaves and ' 
sticks at the ap- an 087 : 
proach of a foot- = . 
step. Although 
as, tiree from 
venom as ordinary 
lizards, it is fre- 
quently mistaken 
for a snake, and 
then meets the 
fate which so 
Olten, under 
similar circum- 
stances, befalls the 
slow-worm. Prey- 
ing largely on 
field-mice, and 
not even hesitat- 
ing to attack and 
kill the deadly 
viper, the schel- 


rows; the apertures of the ears are usually covered 
with skin; and the palate is toothless. 

Attaining a length of from 10 to 12, or even 14, 
inches, of which at “least half is occupied by the tail, the 
blind-worm is of almost equal thickness throughout, 
although tapering slightly at the tail. The head is short 
and small; the eyes, although minute, are bright and 
piercing ; and the tongue is but slightly notched. In 
the immature state the upper parts are silvery, with 
a dark line down the aa! of the back, while the sides 
and under parts are blackish; these markings often 
disappear in the adult, or may be replaced by dark dots, 
the upper surface 
becoming at the 
same time brown 
or bronzy. The 
range of thespecies 
includes Europe, 
Western Asia, 
and Algeria. 

Gentle and 
inoffensive in its 
habits, and rarely 
attempting to bite 
even when rudely 
handled, the slow- 
worm is commonly 
regarded as one of 
the most noxious 
of reptiles, and 
therefore to be 


topusik is, how- ruthlessly killed 
ever, a fierce and at every oppor- 
active creature, tunity. Country 
cliding swiftly and people, who ought 
suddenly upon its to know better, 
victims among the THE SCHELTOPUSIK are those most 


moss and leaves of 
the woods. It also subsists largely on snails, and is 
reported to eat the eggs and young of birds. Its eggs 
are laid-under thick bushes and leaves. The sc heltopusik 
is believed to be a long-lived reptile, the natives of the 
countries it inhabits stating that its full period of 
existence is from forty to 
sixty years. Fossil schel 
topusiks occur in the 
Miocene deposits of 
Germany, some of which 
belong to an_ extinct 
genus (Propseudopus). 


THE SLOW-WORM 

The want of a lateral 
fold along the body 
distinguishes the slow- ¢ 
worm, or blind-worm 
(Anguis fragilis), in 
common with the re- | 
maining members:of the ° 
family, from the schel- 
topusiks; the slow-worm | 
being further distin- © 
guished from the other -—- 
genera devoid of this fold 
by the absence of all 
external trace of limbs, 
and the fang-like form of 
its cheek-teeth. The appearance of the slow-worm, 
which is the sole representative of its genus, is so well 
known as not to call for much description. It may be 
observed, however, that the scales are rounded in form, 
and arranged on the back in a quincuncial pattern, 
while on the sides they are disposed in transverse 
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convinced of the 
noxious character of this extremely harmless reptile. 
When captured, it usually contracts its muscles so 


forcibly as to become perfectly rigid, in which 

state it easily breaks if it is bent or struck, thus 
giving origin to its Latin name. 

Generally frequenting 

woods, heaths, and com- 


: mons, the blind-worm is 
one of the hardiest of 
- British reptiles, making 
-. its appearance in the 
spring at an earlier date 
than any other kind. 
Early in the autumn it 
retires beneath masses of 
decayed wood or leaves, 
‘or into soft, dry soil, 
, where it is covered with 
heath or brushwood, and 
penetrates to a consider- 
able depth in such 
situations by means of its 
smooth, rounded muzzle 
and polished body. It 
feeds chiefly upon slugs, 
supplemented by various 
insects and worms. In 
June or July the female 
produces from seven to 
twelve or thirteen living young, which are active 
almost immediately after birth, and soon learn to 
feed by themselves. Like other viviparous reptiles, 
the female is much given to bask in the sun during the 
period of pregnancy, in order that its heat may aid 
in developing the eggs contained in her body. 
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Twe conspicuously-coloured lizards form the family 
Helodermatide. Ranging from the isthmus of Tehuan- 
tepec in Central America so far north as New Mexico 
and Arizona, they stand alone in the suborder in being 
poisonous, their bite, in certain cases at least, being 
reputed to be sufficiently severe to produce serious 
symptoms even in human beings, while smaller 
animals are soon killed right out. These two species 
are the Mexican poisonous lizard (Heloderma horvidum) 
of Western Mexico, 
and the Arizona 
poisonous lizard (H. 
suspectum) from 
New Mexico and 
Arizona; the former 
being known in its 
native country by 
the name of silatica. 
Nearly allied to 
the slow-worm, 
which they resemble 
-in the general struc- 
ture of the tongue 
and teeth, although 
distinguished by 
certain peculiarities 
in the conformation 
of the skull, and by 
the upper surface 
being covered with 
small granular 
tubercles, externally 
these lizards are 
characterised by the 
depressed head, the 
plump, rounded 
body, the moderately long, cylindrical tail, the rather 
short limbs, in which the third and fourth toes are 
longer than the others, the exposed drum of the ear, 
and the transverse arrangement of the rows of tubercles 
on the upper surface. The curved and fang-like teeth 
are but loosely attached to the jaws, and have grooves 
in front and behind for the transmission of the poison, 
and there are also teeth on the palate. The under surface 
of the body and tail is covered with squared scales. 


SILATICA, OR MEXICAN POISONOUS LIZARD 


other animals of the dangerous character of these 
reptiles. 

Inhabiting dry regions from the western side of the 
Cordillera to the Pacific, and apparently never entering 
water, the poisonous lizards are nocturnal in their 
habits, lying during the day hidden among the vegeta- 
tion in a listless state, and issuing forth at evening. 
Their movements are at all times deliberate ; and as 
these lizards are most commonly met with in the wet 
season, and seldom 
seen during the 
dry months. from 
November to June, 
it is probable that 
OE BES TO eo 
during part of the 
latter period. Their 
food comprises 
insects, worms, 
myriapods, and 
small frogs, as well as 
the eggs of iguanas. 

Regarding the 
effects of their bite, 
Sir J. Fayrer writes 
that he once saw two 
guinea-pigs bitten 
by] sOne FOL suinese 
lizards. “The bites 
were viciously in- 
beiietal.  yiatal plans 
lizard did not really 
relinquish its hold. 
Blood was drawn, 
the) Tee uh bein 
deeply inserted. 
Both guinea-pigs were affected; the bitten limb was 
dragged, and appeared partially paralysed. There 
were twitchings of the body generally; but these 
may not have been due to the poison, but to 
agitation and fear.” Both the unfortunate rodents 
died in the course of the day. Another or these 
lizards once bit its owner, who was incautiously 
handling it, with very severe effects, which did 
not, however, prove fatal. The poison is secreted 


: ARIZONA 


Inlength the Arizona species measures rather less than 
20 inches, while the Mexican is somewhat larger. The 
former has a yellowish or orange ground-colour, marked 
with a dark network on the head and body, and with 
blackish rings on the tail. Among the reddish sand, 
intermixed with dark pebbles, in which these lizards 
delight to nestle, this colouring, coupled with the 
granular nature of the skin, appears to be protective ; 
but, on the other hand, it may be designed to warn 
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in special glands situated near the roots of the 
teeth. Nevertheless, it has recently been attempted 
to show that these lizards are not really poisonous. 
The Arizona species is locally known by the name of 
Gila monster. 

A rare Bornean lizard, Lanthanosaurus bornéensis, 
is nearly allied to the Helodeymatide, although dis- 
tinguished by the absence of grooves to the teeth 
and of bony granules in the skin. 
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o better instance of the essential difference in the 
distribution of lizards as compared with tortoises is 
afforded than by those lizards commonly known as 
monitors (Vavanide). The tortoises of Australia, as 
mentioned later, belong to a different suborder from 
those of India, while there are no genera common 
to Australia and Africa. The monitors, all of which 
are included in the single genus Vavanus, are, how- 
ever, common to the three countries named, while 
one species actually ranges from India to Australia. 
That this widespread generic distribution is not a 
feature of the present epoch is proved by the occur- 
rence of fossil monitors in both the two latter countries, 
whereas there is no evidence that they ever possessed 
genera of tortoises in common. 

Before proceeding further, it may be well to mention 
that the Egyptian representative of the group is known 
to the natives by the name of owavan, which appears 
to be the Arabic term for lizards in general. Trans- 
literated as wavan, this word has been confused with 
the German warnen, to warn, whence these reptiles 
have been termed warn- 
eidechsen, or warning 
lizards ; this, again, 
having been translated 
into monitors—a name 
which, however erron- 
eous in origin, is too 
well established to be 
superseded. 

Monitors are distin- 
guished from all the 
lizards hitherto described 
by the long and deeply- 
forked tongue, which is 
capable of being pro- 
truded far in front of 
the lips, and is furnished 
at the base with a 
sheath, into which it can 
be withdrawn, as in 
snakes. Including the 
largest members of the 
suborder, monitors are 
further characterised by 
the long body, the 
broad, uncrested back, 
the well-developed, five- 
toed limbs,.and the long 
tail, which is very fre- 
quently markedly compressed. The head is covered 
with small polygonal scales; the eyelids are well 
developed ; the opening of the ear is distinct ; and the 
head is covered with small scales. 

As regards the skull, the absence of a bony roof 
over the temporal pits and of teeth on the palate, 
as well as the union of the two nasal bones into a 
single ossification, are notable features. The teeth 
are large and pointed, with expanded bases fixed to 
the sides of the jaws. On the back the scales are 
rounded and bordered by rings of minute granules, 
so that they do not overlap; while on the under 
‘surface the squared scales are arranged in cross- 
rows. Pores are absent both on the under surface 
of the thigh and in front of the vent. A peculiarity 
of the group is the presence of an imperfect midriff, 
found elsewhere among reptiles only in crocodiles. 

Monitors inhabit Africa, Southern Asia, Oceania, 
Papua, and Australia, and are represented by nearly 
thirty living species, the largest of which attains a 
length a little short of 7 feet. A fossil species from 
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Northern India was, however, probably 12 feet long, 
while one from Australia could not have fallen much, 
if at all, short of 30 feet. The group is an isolated 
one, without near relationship to any other family. 
The genus may be divided into four distinct sections, 
the first of which is represented solely by the desert 
monitor (V. griseus) of North-Western Africa and 
South-Western Asia, where it extends from Arabia 
and the Caspian to North-Western India. This 
species differs from all the rest in that the nostrils 
are in the form of oblique slits, while the tail, except 
sometimes near its tip, is cylindrical. Attaining a 
length of 4 feet 2 inches, this species takes its name 
from its greyish yellow colour, which may be relieved 
by brown cross-bars.on the back and tail, and streaks 
of the same hue along the sides of the neck, the young 
always having yellow spots and dark bars. In 
accordance with its sombre colouring, this species 
is an inhabitant of sandy deserts. 
A far handsomer lizard than the last 1s the Cape 
monitor (V. albigularis) of Southern and South-Eastern 
“S.Africa, .where tt. 9s 
commonly known to the 
Boers as the “ adder.” 
It is the first _ repre- 
sentative of the second 
group of the genus, in 
which, while the nostrils 
are in the form of oblique 
slits, the tail is com- 
pressed and keeled. Be- 
longing to a subgroup 
characterised by the 
smooth scales of the 
abdomen, it is further 
distinguished by the 
absence of large (supra- 
ocular) scales above the 
eyes, by the nostril 
being three times: as far 
from the snout as from 
the eye, and by the 
small size of the scales. 
It is shghtly inferior in 
size to the last, and has 
the upper parts greyish 
brown, banded and 
spotted with yellow, and 
the underparts yellowish. 
It generally frequents 
cliffs or low, rocky hills, in the interstices of which 
it delights to hide, coming out to bask on the flat sur- 
faces. Gray’s monitor (I. gray?) is an example of a 
second subgroup in which the abdominal scales are keeled. 
In the third great group, of which the great water- 
monitor (I. salvator) is the largest member—as it is, 
indeed, of the whole genus—round or oval nostrils 
are accompanied by a compressed tail. In the species 
mentioned there is a series of transversely elongated 
scales above the eyes, the oval nostril is situated 
as far from the eye as from the tip of the snout, there 
are more than eighty transverse rows of scales between 
the fold on the throat and the groin, and the scales 
on the nape are not larger than those of the back. 
This fine species, which ranges from India through 
the Malay region and China to Australia, attains a 
length of nearly 7 feet. In colour it is dark brown 
or blackish above, with yellow rings; the snout being 
generally lighter, with transverse black bars, and a 
dark band, bordered by a yellow one, running back- 
wards from the eye, while the under surface is uniformly 
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Be See 


WATER-MONITOR 
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yellow. The water-monitor frequents marshy locali- 
ties, being often found on trees overhanging rivers, and 
taking readily to water, either fresh or salt (page 1510). 

Another member of this group is the well-known 
Nile monitor (V. nzloticus), whose range extends all 
over Africa except a portion of the north-western 
regions. Belonging to the same group as the last, 
it represents a second subgroup characterised by the 
equality in the size of the scales above the eyes, and 
is distinguished from its allies by the nostril being 
rather nearer the tip of the eye than the snout. In 
size it is somewhat larger than the desert-monitor. 
The colour of the adult is brownish or greenish grey, 


with darker reticulate markings, and more or less 
distinct yellowish eye-like spots on the back and 
limbs ; while beneath it is yellowish, crossed by some 
dark bands. This species is likewise found In the 
neighbourhood of water, generally. building itself 
a nest among the bushes on the banks, especially 
of those streams that dry up in the hot season 


(page 1562). 

The Papuan monitor (V’. prasinus) of New Guinea and 
the islands of Torres Straits is an example of the 
fourth group, in which, while the nostrils are round, 
the tail is nearly cylindrical. In colour it is bright 
green, with black markings. 

As will be gathered from the foregoing remarks, 
monitors present considerable diversity of habitat, 
although the majority prefer the neighbourhood of 
water. The Papuan species is, however, believed to 
be arboreal, as, in fact, is made almost certain by its 
colour. All are carnivorous in their diet, feeding on 
frogs, snakes, the smaller mammals, and birds, as 
well as the eggs of both birds and reptiles, especially 
crocodiles. 

Their movements are extremely rapid, both on land 
and in water; and many a sportsman in his first 
day’s snipe-shocoting in the rice-fields around Calcutta 
has been startled by the suddea rush of the common 
Indian V. bengalensts as it darcs among the herbage 
close to his feet. 

Those species in which the tail is most compressed 


are the best swimmers, this appendage serving as 
a powerful propeller in the water, and being also 
used as a weapon of offence on land. In order to 


enable these lizards 
to remain under 
water for some time, 


the nostrils are ex: 
panded into large 
cavities within the 


snout, and when the 
apertures are 
these pouches serve 
as reservoirs of air. 
Writing of the 
great water-monitor 
Dr. Cantor states 
tists Jt ers” Very 
numerous in hilly and 
marshy localities of 
the Malay Peninsula. 
It iscommonly,during 
the day, observed in 
the branches of trees 
overhanging rivers, 
preying upon birds 
and their eggs and 
smaller lizards, and 
when disturbed 
throws itself from a 
considerable height 
into the water. It 
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will courageously defend itself with teeth and claws and 
by strokes of the tail. The lowest castes of Hindus 
capture these lizards commonly by digging them out 
of their burrows on the banks of rivers for the sake 
of their flesh.’ 

Sir V. Ball gives the following account of a meeting 
with a lizard of the same species in the Nicobars : 
“As I did not care to shoot him, though I wanted to 
capture him, I threw stones at him, whereupon he 
hissed and lashed his tail in a manner that might prove 
alarming to anyone not knowing the harmless nature 
of the beast. As I was pressing him into a corner, 
he made a rush into the waves, but returned, apparently 
not liking the surf. Just as I thought he could not 
escape, he made a sudden dart into the water, dived 
through the surf, and disappeared.”’ 

From observations made on specimens in captivity, 
it appears that these lizards eat eggs by taking them 
in their mouths, raising their heads, and then breaking 
the shells, so that the contents are allowed to flow 
down their throats. 

Although but little is ascertained regarding their 


breeding habits, monitorsyare known to lay white, 
soft-shelled eggs, which are sometimes deposited 
in the nests of white ants. As many as twenty- 


four eggs, of a couple of inches in length, have 
been taken from the body of a single female. By the 
Burmese these eggs are much relished as articles of 
food, and command a higher price in the market than 
hens’ eggs. 

Gould’s monitor (V. gouwld7) is a well-known Australian 
species. Ia colour it is brown above, with yellow spots 
on the back and limbs and yellow rings on the tail; 
the under parts being 
vellowish, occasionally 
with black spots. 
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Is America the place of the typical lizards of the Old 

World is taken by a nearly allied group which may 
be termed the teju lizards (Tevid@), some of which rival 
medium-sized monitors in dimensions. In common 
these 


with the remaining members of the suborder, 
CO 
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lizards are distinguished from all the foregoing by their 
tongues, which are slit at the tip and frequently shaped 
like an arrow-head, being either covered with over- 
lapping scale-like papille or marked by oblique folds. 
In all of them the head is covered with large symmet- 
rical shields, very different from the small scales of the 
monitors. They further differ 
by the collar-bones being dilated, 
and often loop-shaped, at their 
inner extremities. 

The teju lizards are specially 
characterised by the absence of 
a bony roof to the temporal 
pits of the skull, and by the 
shields of the head being com- 
pletely free from the underlying 
bones ; while there are no bony 
plates in the skin of the body. 
On both the body and tail the 
scales are arranged in trans- 
verse rows. The teeth, although 
very variable, differ from those 
of the typical lizards of the 
Old World in not being hollow 
AUC ME DASCm mete replacing 
teeth being developed in small 
sockets at the roots of those 
in use. In some cases these 
teeth, which may be either 
pointed or of a flattened crush- 
ing type, are placed near 
the summits of the jaws, and 
in others somewhat on _ the 
side, so that the dentition is 
intermediate between the typi- 
cal acrodont and _ pleurodont 
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modifications; the front teeth are always conical. On 
the palate teeth are seldom present, and, if developed 
at all, are small. The long tongue, which is frequently 
retractile within a sheath, is “generally covered with 
eMart scales, the drum of the ear 1s exposed, and 
the eyes are usually furnished 
withlids. The majority of the 
species resemble the typical 
lizards in general appearance, 
although in some the number 
of toes is reduced to four. In 
others, however, the limbs take 
the form of mere stumps, and 
the hind pair may be wanting, 
in which case there is a near 
approach to the amphisbenas. 

The present family comprises 
over a hundred species, arranged 
in thirty-five genera, and dis- 
tributed over the warmer parts 
of America, although most 
numerous in the equatorial 
regions. Varying in_ their 
habitat, some frequent dry, 
sandy plains,others dwell among 
the herbage of meadows, while 
others prefer woods, and a few 
are partially or wholly subter- 
ranean; these latter either 
taking possession of some empty 
hole, or digging one for them- 


selves. In their general mode 
of life they resemble the 
monitors and true lizards, 


although some are more like 
the amphisbenas. They are generally swift and active 
in their movements ; and the larger kinds are thoroughly 
carnivorous, subsisting not only on insects, worms, slugs, 
and snails, but likewise hunting such of the smaller 
vertebrates as they are able to overcome. Most species 
deposit their eggs in the hollow stems or among the 
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roots of trees. 
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A few of the larger species are hunted 


for the sake of their flesh, which is stated to be tender 


and well-flavoured 


TEGUEXINS 
The typical and at the same time the largest repre- 


sentative of the family is 
the lizard termed the teju, 
teguexin, or jacuaru (Lupin- 
ambts teguexin), which ranges 
over a large portion of South 
America and the West 
Indies, and belongs to a 


genus comprising — three 
species. These lizards may 


be recognised by the tail 
being cy rlindrical at the root 
and slightly compressed near 
the middle, the double fold 
of skin on the neck, the 
uniform scales of the back, 
the rather small, squared 
shields of the under surface 
of the y—arranged in 
more than twenty rows— 
the want of teeth on the 
palate, the compressed tri- 
cusped cheek-teeth of the 
young, and the long tongue, 
which is of nearly equal 
width throughout, and 
sheathed at the base. In 
old individuals the crowns 
of the cheek-teeth become 
obtuse. 

The teju, which attains 
a length of about a yard, 
is a bulky and strikingly- 
coloured _ lizard. On the 
upper parts the ground- 
colour is olive, upon which 
are markings and bands of 
black, and more or less 


is generally raised, while the forked tongue is in constant 


motion. 


can capture, together with eggs. 


Its diet comprises such living creatures as it 


The female lays from 


fifty to sixty hard- shelled eggs about the size of those 
of a pigeon, generally placed in the hillocks of white ants. 
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distinct rows of lighter spots, while the under surface 
is yellowish, with interrupted black bars, the lines of 
division between the shields of the head being black. 


Ranging from 
Guiana to Uruguay, 
the teju is very 
common in_ the 
forests of the 
Amazon, where it 
may be observed in 
numbers during the 
midday stillness 
scampering, appar- 
ently in sport, over 
the dead leaves ; 
but in certain other 
districts it haunts 
sugar - plantations. 

Although fre- 
quently found in 
the neighbourhood 
of water, it appar- 
ently never enters - 
that element, and 
generally dwells in 
wide-mouthed holes 
situated beneath 
the roots of trees. 


Shy and 


SURINAM 


retiring to a degree in 
5 fo) 


inhabited districts, when driven into a corner it shows 
fight, hissing at and striking with its muscular tail the 


dogs employed in its pursuit. 


When sitting, the head 


THE DRACAENA 


The dracena (Dracena 
guianensis), of the Guianas 
and Amazonia, is a some- 
what smaller lizard, distin- 
guished by its compressed 
and doubly-keeled tail, the 
intermixture of keeled 
tubercles among the scales 
of the back, and the ex- 
tremely broad crowns of the 
cheek-teeth. 


AMEIVAS 


The Surinam  ameiva 
(Ameiva surinamensis) 1s a 
well-known representative 
of a genus of nearly twenty 
species distributed over 
Central and South America, 
where they take the place 
occupied by the typical 
lizards in the Old World. 
Ameivas are distinguished 
by their round, keelless tails, 
the presence of less than 
twenty rows of large, smooth 
scales on the under surface 
of the body, and the com- 
pressed bicusped or tricusped 
cheek-teeth. The tongue 
can be withdrawn into a 
sheath. The Surinam species, 
which is found over South 
America as far as Nicaragua, 
attains a length of from I= to 


20 inches, and is very variable in colour. 
The young are olive brown, with darker markings 
or white dots, and a black, white-edged band running 


AMEIVA 


from the teju, 


usually living in holes, 


wood, or the herbage of 


along the side of the 
body and extending 
on the tail; but 
these bands gene- 
rally disappear with 
age, although some- 


times retained in 
the females. In the 
adult the upper 


surface is usually 
greenish, with some 
black and a few 
white spots; but 
the under parts are 
greenish white, 
spotted with black 
On sehe Sides: 
Amelivas are gene- 
rally found in dry 
districts—more 
especially near the 
coasts—and in 
general habits are 
not very different 
among old 


gardens. In fact there is 


nothing worthy of special notice in regard to their 


general mode of life. 
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MONG the most remarkable of all lizards are those 
whose typical representatives have the power of 
moving equally well either backwards or forwards, from 
which peculiarity they derive the name (4A mphisbenid@) 
by which the whole group is commonly designated. 
Very nearly related to the preceding family, through the 
members of the latter with aborted limbs, amphisbzenas 
are distinguished by the simple and degraded characters 
of the skull, in which all the arches have been lost, and 
the two premaxillary bones are fused into one. 

All are adapted to a purely subterranean existence, 
and have lyng, worm-like bodies, devoid, except in one 
species, of any external 
trace of limbs ; while 
even the bones of the 
shoulder - girdle and 
pelvis are more or less 
rudimentary. The eyes 
are concealed beneath 
the skin, the mouth is 
small and _ frequently 
inferior in position, and 
the ear is completely 
wanting. Although the 
head is covered with 
large symmetrical 
shields, the skin of the 
body is divided into 
squared segments form- 
ing regular rings, like 
those of worms; from 


MEXICAN AMPHISB/ENA 

The one member of the family which exhibits evi- 
dence of its relationship to less specialised lizards in 
the retention of rudimentary fore limbs is the Mexican 
amphisbeena {Chivoles canaliculatus) of Mexico and 
California ; this being one of the two species found on 
the continent of America to the north of the Tropic of 
Cancer. This reptile, which attains a length of about 
7 inches, and is of a brownish flesh-colour, is distin- 
guished by the presence of a pair of small depressed 
fore limbs, placed close to the head, to which they are 
about equal in length; each of these being provided 
with four well-developed 
and clawed toes, of 
which the outermost is 
the shortest. 


TYPICAL 
AMPHISB/ENAS 


The typical members 
of the family constitute 
a genus common to 
Tropical America and 
Africa, and represented 
by nearly thirty species. 
Belonging, like the last 
genus, to the group in 
which the teeth are 


attached to the inner 
edges of the jaws, these 


which character the 
members of the group 
are sometimes spoken of as ringed lizards. In all the 
species the tail is short; and the large teeth are few 
in number, and fixed either in the inner or upper edges 
of the jaws. : 

The amphisbenas, which are arranged in eleven 
genera, including between sixty and seventy species, 
are most numerously represented in America south of 
the Tropic of Cancer, although also occurring in the 
West Indies, while Africa possesses over twenty species, 
and four are found in the Mediterranean area. All 
the members of this family are burrowers, and may 
live in ants’ nests. They 
bore narrow galleries in the 
earth, in which they are 
able to progress backwards 
as well as forwards. On the 
ground they progress in a 
straight line by slight vertical 
undulations, not by lateral 
movements, as in other 
limbless reptiles; and the 
tail of many species appears 
to be more or less prehensile. 
The food of these lizards 
consists of small insects and 
worms. <As_ regards their 
breeding habits, it is known 
that one species lays eggs, which are deposited in ants’ 
nests. 

The marked resemblance of these lizards to earth- 
worms is a most curious instance of the similarity 
produced in the external; form of different groups of 
animals by adaptation to similar modes of hfe; the 
remarkable feature in this case being the occurrence of 
this resemblance in creatures so widely sundered from 
one another as are worms and amphisbenas. Fossil 
members of the family have been discovered in the 
Tertiary rocks of North America. 


MEXICAN AMPHISBANA 


limbless amphisbeenas 
are specially charac- 
terised by the anterior 
body-rings not being enlarged, by the laterally-placed 
nostrils being pierced in a special nasal shield, the rounded 
or slightly compressed snout, the obtuse, cylindrical 
tail, and the presence of pores in front of the vent. 

The spotted Amphisbzena fuliginosa, which is from 
Tropical America and the West Indies, derives its 
name from its pied skin, and attains a length of about 
18 inches. Writing of the habits of a member of the 
genus, Mr. Bates observes that their “ peculiar form, 
added to their habit of wriggling backwards as well as 
forwards, has given rise to the fable that they have two 
heads, one at each extremity. 
They. are extremely sluggish 
in their motions, and live 
habitually in the subter- 
ranean chambers of the 
satiba ant: only coming out 
of their abodes occasionally 
in the night-time. ©The 
natives call the amphisbena 
the mai das satbas, or 
mother of the satibas, and 
believe it to be poisonous, 
although it is perfectly harm- 
less. It is one of the many 


SPOTTED AMPHISBHNA 


curious animals which have 
becomes ther esub|cccemmant 
mythical stories with the natives. They say the ants 
treat it with great affection, and that if the snake be 
taken away from a nest the satibas will forsake the spot. 

“T once took one quite whole out of the body of a 
young jararaca, whose body was so distended with its 
contents that the skin was stretched out toa film over the 
contained amphisbena. I was, unfortunately, not able 
to ascertain the exact relation which subsists between 
these curious reptiles and the satba ants. I believe, 
however, that they feed upon the satibas, for I once 
found the remains of ants in the stomach of one of them.” 
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THe typical lizards form a large family (Lacertide), 
with seventeen genera, distributed over Europe, 
Asia, and Africa (exclusive of Madagascar), but most 
abundant in Africa, and comparatively rare in the 
Indo-Malay countries. Taking the place in the Old World 
occupied in the New by the “teju lizards, these reptiles 
are readily distinguished from the latter by the tem- 
poral pits of the skull being roofed over with bone 
(as shown in the figure of the skeleton on page 1503), 
and likewise by. the shields of the head being firmly 
attached to the underlying bones, as well as by the 
union of the two premaxillary bones, the latter feature 
being common to this sche and the amphisbenas. 
All the members of the family have well-developed 
limbs, each furnished with five toes, the body plump, 
and separated from the head by a well-marked neck, 
the tail long and brittle—the drum of the ear exposed, 
and the eyelids distinct and generally freely mobile. 
The skin contains no bony plates, and the scales of the 
back are either overlapping or in apposition, but 
those of the under surface generally longer, and arranged 
in longitudinal and transverse rows. The teeth are 
always attached to the sides of the edges of the jaws 
(pleurodont) and differ from those of the teju lizards 
in their hollow bases ; those of the cheek series having 
two or three cusped crowns. The flat and scaly tongue 
is of considerable length, and cleft both in front and 
behind, so as to assume the form of an arrow-head. As 
a rule, pores are present on the hind surface of the thigh. 
Out of about one hundred species of typical lizards, 
two are found in the British Isles, where, with the 
exception of the slow-worm, they are the only repre- 
sentatives of the suborder; but many others inhabit 
Southern Europe. : ; 
Lizards of this 
family are veritably 
creatures of thesun, 
delighting to bask 
in its rays on some 
warm sandy bank, 
wall, or rock, and 
retiring to their 
holes and crannies 
in cloudy or rainy 
weather. The more 
powerful and bright 
is the sun the more 
active, indeed, do 
these reptiles be- 
come, since most 
of them are dull 
and listless in the 
mornings and even- 
ings, and only wake 
to full activity in 
the midday glare. 
Over the greater 
part of Europe 
these lizards spend 
a large portion of 
their ‘time in their 
holes, and with the beginning of October retire for 
their winter sleep, from which they do not awake till 
spring is well advanced. Comparatively rare in 
Northern Europe, in the south of the Continent 
lizards are common enough to form an attractive 
feature in the landscape, their burnished metallic 
green and bronzy scales flashing in the sunlight on 
every wall, and in every road and path. The darting 
movements of these pretty reptiles, as they are in 
pursuit of the flies and other small insects which 


LIZARDS 


constitute their chief prey, 
While the majority lay eggs, 
produces living young. 


EYED LIZARD 


The handsome eyed, or pearly, lizard (Lacerta ocellata) 
of Southern Europe, also represented by a variety in 
Algeria, may be taken as fhe first example of the ty pical 
genus Lacerta, of which there are over twenty species, 
inhabiting rope, North and West Asia, Africa north 
of the Sahara, and the Atlantic islands. The members of 
La group are distinguished by the following features. 

The body is cylindrical or slightly depressed, the head 
pyramidal, with upright sides, the neck not very well 
defined, and the tail cylindrical, tapering, and long. 
The throat is furnished with a well-marked collar of 
enlarged scales; the scales on the back are smaller 
than those on the tail, and at most but slightly over- 
lapping; while the shields of the under surface are 
squared and slightly overlapping. The rounded or 
compressed toes have either smooth, tuberculated, or 
indistinctly-keeled pads on the lower surface, and the 
thighs are provided with potes. In common with several 
other genera, the nostrils are placed close to the so- 
called labial scales, from which they are separated 
at most by a narrow rim ; and if there be a transparent 
disc in the lower eyelid, it is smaller than the eye itself. 

Among the most beautifully coloured members of 
the suborder, the eyed lizard, which attains a length 
of from 16 to 23 inches, claims a foremost place. Be- 
longing to a large group of the genus, in which the 
edge of the throat-collar is strongly serrated, this 
Brea agrees words certain other members of the genus 
in its smooth tail, 
and in the scales 
on the sides of the 
body not being 
smaller than those 
on the back. As 
marked characters 
of the species, it 
may be noted that 
the scaleés* are 
smaller than in the 
allied forms, and 
that there are not 
less than seventy 
scales round the 
middle of the body, 
eight or ten of 
which belong to 
the under surface. 
The head is very 
large in the male, 
and characterised 
by the great width 
of its hindmost, or 
occipital, | median 
shield. In colour 
the upper parts are 
either green with 
black dots or network, or blackish olive with yellowish 
netting, the sides are marked with a row of about a 
dozen eye-like blue spots, and the under surface is 
uniform greenish yellow. The olive-coloured young 
are, however, dotted all over with white or pearly blue 
black-edged spots. 

Common in Spain, and also occurring in the south 
of France and North-Western Italy, or wherever the 
olive-tree grows, the eyed lizard is generally to be 
met with in the neighbourhood of hollow trees, 


are familiar to all. 
the viviparous lizard 
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frequently ascending some distance up their trunks, 
or even climbing among the branches. The males are 
somewhat quarrelsome, and the females lay from six 
to ten eggs, generally deposited in a hollow olive-tree. 


GREEN LIZARD 

Another well-known European species is the green 
lizard (L. vividis), which attains a length of about 
12 inches in Germany, but in the more southern por- 
tions of its habitat measures as much as 17 inches; 
fully two-thirds of this length being occupied by the 
long tail. Having not more than sixty-six scales in a 
row at the middle of the body, this lizard is distinguished 
by the general presence of two small superimposed 
scales behind each nostril, the small size and triangular 
form of the occipital shield, and the arrangement of the 
abdominal scales in six longitudinal rows; the collar 
being serrated. Usually the nostrils are in contact 
with the front, or rostral, shield of the head, and in the 
female and young the foot is longer than the head. 

As regards colour, the males, which may be dis- 
tinguished from females by the larger and taller head, 
the thickened root of the tail, stouter hind limbs, and 
generally superior size, are some shade of green olive, 
passing below into yellow. Black dots, expanding into 
large spots, generally adorn the upper surface, whereas 
the under parts, except for a blue patch on the chin and 
throat, are uniform. The females, in which the blue 
on the throat is less constantly present, have a more 
brownish tinge, with the sides ornamented with black- 
bordered yellowish spots. The young are generally 
leather-brown in colour, with one or two yellow side- 
stripes. Both sexes vary, however, considerably 
according to age, and southern specimens are more 
brilliantly coloured than those from the north. 

The green lizard is an inhabitant of the countries 
lying to the east and north of the Mediterranean, and 
extending thence eastwards to Persia. Very common 
in Portugal and Spain, where it is represented by a 
variety, it extends in France so far north as Paris, 
although it is unknown in Sardinia, In place of 


resorting, like the eyed lizard, to trees, this species is 
usually found on the ground, more especially in dis- 
tricts where the subsoil is rocky, ranging from the sea- 
level to a height of some three thousand feet, and 
being equally at home on the plains or among the 
mountains, in stony or sandy districts, on bare rocks, 
or among thick bush. 

As rapid as lightning in its movements, it feeds 
chiefly upon large insects and their larve, together 
with slugs and worms ; living in grassy districts almost 
entirely upon grasshoppers, but at times attacking 
smaller species of its own tribe. In Switzerland and 
Germany the female usually deposits her eight to 
eleven white eggs during June, these being hatched in 
the course of a month or so, and it is generally during 
the breeding season that the blue on the throat is 
assumed by this sex. The East European race 1s 
known as L. vividis major. 


SAND-LIZARD 

The third European representative of the genus is 
the much smaller sand-lizard, or hedge-lizard (L. 
agilis), a more northern form, ranging into the British 
Isles and Scandinavia. Usually not more than 
8 inches in length, although occasionally measuring 
nearly 10, this lizard may be recognised by its short, 
thick, and blunt-snouted head, and by the tail being 
considerably less than twice the length of the head and 
body. Never having more than fifty-eight scales in a row 
at the middle of the body, it is further distinguished 
by the rostral shield of the head being separated by a 
small interval from the nostrils, the trapezoidal shape 
of the small occipital shield, the absence of the row of 
small granules which occur between the shields of the 
eyelids (supraoculars) and eyebrows (supraciliaries) in 
the green and wall lizards, and by the foot being not 
longer than the head. 

Although there is great variation in this respect, the 
general colour of the male is greenish, and that of the 
female grey or brown; the crown of the head, a streak 
down the back, and the tail being mostly brown, 
while the chin and under parts are greenish or yellowish. 
The streak down the back, and in the females the sides 
also, are ornamented by rows of white spots, which 
are sometimes large and eye-like, and the under surface 
is marked with black. Some individuals, especially 
colouring. 


males, closely approach the green lizard in 
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VIVIPAROUS LIZARD 


The range of the sand-lizard embraces North, Central, 
and Eastern Europe, and extends eastwards to Western 
Siberia and Asiatic Russia. In England it is generally 
found on sandy heaths, where it may often be seen 
running across the open paths with a speed less rapid 
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than that of the more common viviparous species. 
It is more timid and less easily tamed than the green 
lizard, generally pining and refusing to feed in cap- 
tivity. The female lays her eggs, to the number of 
twelve or fourteen, in hollows in the sand, which is 
excavated for the purpose, and having covered them 
carefully with sand, she leaves them to be hatched 
by the solar heat. 
VIVIPAROUS LIZARD 

A still smaller, and at the same time a more slightly 
built species is the common English viviparous lizard 
(L. vivipara), which varies from 6 to just over 7 inches 
in length. The scales, which are larger than those 
of the last, are not more than forty-five in number 
in each row round the middle of the body, and the 
foot generally exceeds the head in length; granules 
being absent above the eyes. The absence of teeth 
on the palate is another feature in which this species 
differs from the sand-lizard. The colour of the adult 
is brown, yellowish, or reddish, ornamented with small 
dark and lght spots, and often with a dark streak 
down the back, and another, edged with yellowish, 
on each side. In the male the under surface is orange 
or vermilion, spotted with black; and in the female 
pale orange or yellow, sparsely spotted with black, or 
uniform. The young are nearly black, and this hue 
occasionally persists. 

Unknown to the south of the Alps, the viviparous, 
or, as it is sometimes called, the mountain, lizard is 
spread over the greater part of North and Central 
Europe, and the whole of Northern Asia, as far as 
Amurland, ranging in the Alps to a height of nearly 
ten thousand feet. At this elevation it is, however, 
dormant for fully three-quarters of the year, being 
active for only two or three months. In Britain it 
extends to Scotland, and it is one of the few reptiles 
found in Ireland. Generally similar in its habits to 
its allies, it is more fond of water, and is a good swimmer, 
usually frequenting heaths and banks. When active, 
its movements are beautifully graceful as well as rapid. 

This lizard usually comes out of its hiding-place during 
the warm parts of the day from the early spring till 
autumn has far advanced. When out, it is fond of 
basking in the sun; when an insect comes within its 
view, it turns its head with a rapid movement, and 
-darting like lightning upon its prey, seizes it with 
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SAND-LIZARD 


its little sharp teeth and speedily swallows its victim. 
Unlike its kin, this species produces living young, 
varying from three to six in number, which are active 
as soon as born, and remain in the company of their 
parent for some time. 


WALL-LIZARD 
The last representative of the typical genus noticed 
here is the beautiful wall-lizard (£. muralis), which 
inhabits the countries bordering both sides of the 
Mediterranean, and extends eastwards into Persia. 


WALL-LIZARD eee SS 


It belongs to a group in which the edge of the collar 
on the neck is even or but slightly serrated, and the 
scales of the back are granular. Attaining in Germany 
a length of from 7 to 7} inches, but reaching from 8 to 
9} inches in Italy, this species has a series of granules 
between the shields above the eyes, while the scales 
of the abdomen are arranged in six (rarely eight) rows, 
and those on the upper surface of the leg are larger 
than those on the back; and there is only a single 
(postnasal) scale behind each nostril. : 

In colour the wall-lizard presents such an astonishing 
variation that it is almost impossible to give any 
general description. In German examples the ground- 
colour of the back is, however, often brown or grey, 
with bronze-green reflections in sunlight, upon which 
are blackish streaks, marblings, and spots; while the 
flanks have a row of blue spots, and the under parts 
vary from milk-white to copper-red, frequently varie- 

gated by spots or marblings (page 1508). 

In Southern Europe these lizards may be seen 
basking on almost every wall, old building, or face of 
rock, where they delight all beholders with their 
activity and tameness. “ Scarcely two,” writes Dr. 
Leith-Adams, “are marked alike ; the brightness and 
variety of their hues are most beautiful and attractive 
and, like the chameleon, they change colour with the 
coruscations of sunshine, but, of course, not to the 
same extent. During an excursion to the islet of 
Filfla, on the southern coast of Malta, in the month of 
June, I was surprised to find that all the lizards on the 
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rock were of a beautiful bronze-black, and much 
tamer than their agile brethren on the mainland. Many 
individuals were so tame that they scrambled about 
our feet, and fed on the refuse of our luncheon.”’ 
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ALGERIAN. KEELED LIZARDS 


Whereas in the Southern Tyrol these lizards remain 
active till December, and reappear by the middle of 
February, in Germany the winter sleep is considerably 
longer. Like its congeners, this species has an ex- 
ceedingly brittle tail; and it was observed some years 
ago that on a certain road in Madeira all the lizards 
belonging to a nearly allied species (L. dugest) were 
without tails. The circumstance was explained by 
the spot being the favourite resort of the midshipmen 
landing from the ships visiting the island, who amused 
themselves by knocking off the lizards’ tails. 


KEELED LIZARDS 


The members of the genus Lacerta are collectively 
characterised by the presence of a well-marked collar 
on the neck, by the scales of the back being smaller 
than those on the tail, and by the toes being without 
fringes on their sides, or keels on their soles. The 
allied genus Algivoides—represented by three species 
from the eastern coast of the Adriatic, Greece, Sardinia, 
and Corsica—differs by the strongly overlapping scales 
of the back being nearly as large as those of the tail. 

On the other hand, four species inhabiting South- 
Western Europe and the opposite coast of Africa 
constitute a third genus, Psammodyromus, in which 
the collar is indistinct or wanting, the tces are not 
fringed, though generally more or less distinctly 
keeled inferiorly, while the overlapping scales of the 
back bear strong keels. Among these the Spanish 
keeled lizard, or sand-runner (P. hispanicus), retains 
a trace of a collar, and has strongly-keeled soles ; 


whereas in the Algerian keeled lizard (P. algivus) the 
collar is wanting, and the soles are at most but feebly 
keeled. The latier species, which inhabits not only 
North-Western Africa, but likewise Portugal, Spain, and 
the south of France, reaches nearly ro} inches i in length, 
and has a tail almost twice as long as the head and 
body. It is specially disting ruished by the scales of 
the abdomen being of nearly equal width and arranged 
in six rows, as well as by the presence of from thirty 
to thirty-six scales round the middle of the body. 

In colour this lizard is bronzy green above, with 
one or two golden, dark-edged streaks along the side ; 
the male being ornamented with a pale blue eye- like 
spot above the shoulder, sometimes followed by one 
or two behind, while the under parts are whitish. 

Abundant in Algeria and the neighbourhood of 
Montpellier, this lizard is found in the former region 
both in hedges and on limestone rocks, whereas in 
France it frequents hedges only. Preferring dry, 
open, and warm districts, and thriving well in captivity, 
it presents nothing noteworthy as regards habits. 


FRINGE-TOED LIZARDS 

The fringe-toed lizards (Acanthodactylus), of which 
there are about half a score of species, ranging from 
Southern Spain and Portugal and Northern Africa 
through South-Western Asia to the Punjab, differ 
from the preceding group by the toes being both 
fringed on the sides and keeled below, a more or less 
distinct collar occurring on the throat. On the head 
the occipital shield is wanting, and the nostrils are 
pierced between one labial and two nasal shields. Pores 
are present on the thigh, and the tailis nearly cylindrical. 

The common fringe-toed lizard (A. vulgaris) is a 
species of from 44+ to 4% inches in length, agreeing 
with most of its kindred in having the hind scales of 
the back little enlarged, but specially characterised 
by the strong keeling of the scales on the upper 
surface of the tail, and the slight fringing of the toes. 
It is represented by two races, one occurring in Spain 
and Portugal, and rarely in the south of France, 
characterised by the smooth or slightly keeled scales 
of the back; and an African form, in which these 
scales are very strongly keeled, and the colour is 
brighter. The colour of the adult is greyish or 
brownish, with faint longitudinal series of light and 
dark spots and lnes, and sometimes eye-like blue 
spots on the flanks; but the young are longitudinally 
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streaked with black and white, and show white spots 
on the limbs. All these lizards inhabit dry, sandy 
districts, and are remarkably shy in their habits, 
seldom venturing forth from their retreats except 
when the sun is shining brightly. 
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BLUE-TONG UED SKINK 
1542 


SKINK 


"TH preceding family is connected with the one now 

to be considered by a small group of five African 
genera constituting the family Gerrhosauride, the 
members of which, while resembling typical lizards 
in having a single premaxillary bone and the presence 
of pores on the thigh, agree with the skinks in possessing 
bony plates of peculiar structure beneath the scales. 
_ The skink tribe (Sc¢nc/de), taking their title from the 
lizard commonly known by that name, form a very 
numerous family, comprising upwards of twenty-five 


genera and nearly four hundred species, and presenting 


great variety of bodily 
form, some kinds being 
four-limbed, while others 
are more or less snake-like. 

Agreeing with the 
typical lizards in the 
characters of the tongue 
and teeth, as well as in the 
roofing-over of the tem- 
poral pits by bone, skinks 
differin having two distinct 
premaxillary bones in the 
skull, in the presence of 
bony plates traversed by 
symmetrical tubules 
beneath the scales, and in 
the invariable absence of 
the pores so generally 
present in the thighs of the 
members of the Lacertida. 

The limbs, when present, 
are relatively short, and 
in some cases are reduced 
to a single pair, and in 
others wholly absent; the 
number of toes is very 
variable, even among the 
members of asingle genus ; 
the short and scaly tongue 
is free, and but slightly 
notched in front; and the 
drum of the ear is generally 
covered with scales. ‘The 
eyes have round pupils, and well-developed and generally 
mobile lids, the lower one of which is furnished with a 
relatively large transparent window. The teeth, which 
are attached to the sides of the jaws, may have either 
conical, bicuspid, or broad and spheroidal crowns. The 
head is covered by large symmetrical shields, among 
which an unpaired occipital is generally wanting ; and the 
overlapping scales of the body are generally subhex- 
agonal in form, and arranged in a quincuncial manner. 

World-wide in distribution, the members of the 
skink tribe are most numerously represented in 
Australia, Oceania, the Indo-Malay region, and Africa, 
while very few occur in South America, and there are 
not many in North America and Europe. Although 
their habits are not fully known, it appears that, with 
the exception of two genera, skinks bring forth living 
young, varying from two to ten in number. The 
majority are terrestrial, a few only being able to climb, 
while none are aquatic. They sedulously avoid the 
neighbourhood of water, frequenting dry situations, 
and more especially those where the soil is sandy 
with an admixture of pebbles or fragments of rock. 
Moreover, they generally possess the faculty—rare 
among lizards—of burrowing in the ground with the 
dexterity, if not with the power, of moles. From this 
habit the members of the group are sometimes spoken 
of as th> burrowing lizards; and it may be remarked 


STUMP-TAILED SKINK 


PR EBE: 


that their spindle-shaped bodies, covered with highly- 
polished scales, their short legs, and frequently abbre- 
viated tail, as well as the transparent window in the 
lower eyelid, are all features specially adapted for 
such a mode of life. From among the numerous 
genera, limits of our space render it necessary to 
restrict attention to examples of a few very divergent 
types. 
STUMP-TAILED SKINK 
First described so long ago as the year 1699, the 
stump-tailed skink (Tvachysaurus vugosus) of Australia 
2 ni is the sole representative 
- of one of the most remark- 
able genera in the entire 
suborder. With a short, 
pyramidal, depressed head 
of great width, a short but 
distinct neck, along, thick, 
and flattened body, and a 
very wide and stumpy tail, 
this strange reptile is 
clothed with an armour of 
rough, thick, brown, horny 
scales, which give it very 
much the appearance of a 
living pine-cone. On the 
lower surface the scales are 
smooth and much smaller. 
The small and_ stout 
limbs are widely separated, 
and terminate in five short 
toes, each provided with 
strong, curved claws. In 
length this skink measures 
about 14 inches, and its 
colour above is brown, with 
spots or irregular bands of 
yellow; while beneath it 
is yellowish, with brown 
spots, marblings, or longi- 
tudinal and _ transverse 
streaks. The cheek-teeth 
have subconical crowns. 
Its habits are still imper- 
fectly known; but it is slow and lethargic in its move- 
ment, and its chief food consists of worms and insects, 
although fruit and vegetables are occasionally eaten. 
Like so many other members of its tribe, it is a 
burrower. 


BROAD-TOOTHED SKINKS 


The Austro-Malay skinks of the genus Tvliqua are 
nearly allied to the last, but have smooth, overlapping 
scales on the body; and the short tail is smooth and 
shiny ; while the cheek-teeth have broad, flat crowns. 
The giant skink (T. gigas), which is ochre-yellow, with 
irregular chocolate-coloured bars, grows to 2 feet in 
length, and the blue-tongued T. Scincotdes is another 
well-known Australian species. Mabuia is an allied 
genus, with a large number of species, inhabiting 
Africa, South Asia, and Tropical America. The 
Australian Cunningham’s skink (Egernia cunninghamt) 
and the New Zealand line-eyed skink (Lygosoma lineo- 
ocellatum) represent Other genera. 


SNAKE-EYED SKINKS 
Another lizard (Ablepharus pannonicus) belongs to a 
genus containing a number of small species distributed 
over Australia, South-Western Asia, South-Eastern 
Europe, and Tropical and South America, one of which 
(A. boutont) ranges irregularly over the hotter parts of 
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both the Eastern and Western Hemispheres. These 
lizards differ from all their kin in having no movable 
eyelids, their place being token by a transparent dise of 
skin stretched over the eye after the manner of snakes. 
In these skinks the aperture of the ear may be cither 
open or concealed by scales ; and while some of the species 
have well-developed limbs, in others they are more or 
less aborted, the number of toes being also highly 
variable. 

The typical species, 
which ‘ranges in 
Europe from Hungary 
to Greece, and is also 
spread overAsia Minor, 
Syria, and Northern 
Arabia, measures only 
4 inches in length, of 
which fully half is 
occupied by the tail. 
Its general colour is 
bronzy olive, becoming 
darker on the sides, 
with a blackish 
light-edged streak 
passing through the 


-eye along each side of 


the body, while the 
under parts are green- 
ish. The European 
species is found alike on slopes covered with short grass 
or in sandy spots, and does not appear to bea burrower. 

Feeding on small insects and worms, it does not gener- 
ally venture forth from its lurking-places till four or five 

o’clock in the afternoon, and retires before night. In 
common with the other members of its genus, it differs 
from the majority of its 
family in laying eggs. 


TYPICAL SKINKS 


While the genera men- j 
tioned above belong to a 
group characterised by the 
palatine bones meeting in the 
middle of the palate, the 
typical skinks (Scincus) re- 
present a second and smaller 
group in which those bones 
are separated from once { 
another. Skinks are neatly- 
made, somewhat short-tailed 
lizards, with short lmbs 
provided with five toes, 
which are serrated on their 
sides. The tail is conical, | 
the head and snout are} 
wedge-shaped, the ears more | 
or less concealed, and the & 
nostrils pierced between an 
upper and a lower nasal 
shield. ; 

Of the nine species of the § 
genus, which range from 
Northern Africa through 
Arabia and Persia to Sind, 
the most familiar is the common skink (Scincus 
officinalis) of the Sahara and Red Sea littoral. This 
species, which attains a length of 8} inches, has smooth, 
shining, rounded scales of great breadth, and is of a 
yellowish or brownish colour above, with each scale 
marked by small brown and whitish spots and streaks, 
and the sides of the body often ornamented with dark, 
transverse bands, the under parts being uniformly 
whitish. 


THE SKINK 


Photo, C. 


Not uncommon in Egypt, and abundant in the 
Algerian and Tunisian Sahara, the common skink 
derives its specific name from having been at one time 
extensively employed in medicine as an infallible 
remedy for almost every disease under the sun; its 
reputation as a healing agent still surviving among 
the Arabs, by whom the flesh of the reptile is 
used both as a drug and as an article of food. 

Dhe> texelusive 

ps haunts of the skink 
pif? are sandy districts, 
fae where it generally 
moves in a slow and 
deliberate manner 
and, when frightened, 
buries -itself in the 
soil instead of at- 
tempting to seek 
safety in flight. 

Indeed, the celerity 

with which the reptile 

sinks into the sand is 

described as_ being 

little short of marvel- 
_ lous, suggesting the 
. Ildea of its escaping 
' intosome hole already 

existing rather than of 

excavating a _ fresh 
burrow for itself, such a burrow not infrequently 
extending to the depth of several feet. 

During the daytime the skink, if quietly approached, 
may be “observed reposing in the sun by the side of 
one of the small hillocks or ridges raised in the sand at 
the base of trees by the wind ; and from such a state 
of idleness it is only roused 
by the approach of a beetle 
or a fly, upon which it darts 
with funerring aim. In 
spite of their strong teeth 
or claws, when captured, 
_ skinks never make any 
, attempts to defend them- 
selves, beyond struggling 
vigorously. Of their breed- 
ing habits little or nothing 
definite appears to be known. 
The flesh of,a few well-boiled 
skinks is said to form a dish 
not to be despised even by a 
European palate. 


SEPS GROUP 

Under the title of chalkis, 
the ancient Greeks designated 
} a remarkable snake-like 
lizard inhabiting Italy, 
Sardinia, and Sicily, as well 
as Algeria and Tunis, which 
was known to the Romans 
by the name of seps; the 
latter being in allusion to the 
poisonous properties with 
which this perfectly harmless 
reptile was supposed to be endowed. The true 
seps (Chalcides tridactylus) is the typical representative 
of a genus of some twelve species belonging to the 
present family, which exhibit a most interesting 
example of the gradual degradation of Jimbs, some 
species having five toes to each foot, while in others, 
as the figured example, the number of digits is reduced 
to three; and in one kind the limbs are represented 
merely by undivided rudiments. 


CUNNINGHAM’S SKIN 


R. Walter 
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All the species of seps, as the members of the genus 
may be collectively termed, belong to an assemblage 
of genera differing from all those already noticed in 
that the nostrils are pierced either in or close to the 
terminal rostral shield of the head, instead of being 
more or less widely separated therefrom. In the case 
of the present genus the nostrils are situated in notches 
cut in the hind border of the shield in question ; while the 
body is greatly elon- 
gated, and the limbs 
are either short or rudi- 
mentary. The species 
figured below is one of 
two species with three- 
toed ‘limbs, and at- 
tains a length of 133 
inches, of which about 
half is occupied by 
the tail. 

In colour it is olive 
or bronzy above, and 
may be either uniform 
or marked with an 
QVC. aalabianl|syese <ayii 
darker and lighter 
longitudinal streaks. 


LINE-EYED SKINKS 


Photo, C. R. Waltet 


snails, slugs, insects, and spiders are to be met 
with. Here it moves with a wriggling, serpentine 
motion similar to that of the slow-worm, which 
it likewise resembles in producing living young and 
in retiring into a burrow for its winter sleep. When 
not feeding, this skink, like most of its kind, delights to 
bask on sandy spots in the full glare of the sun. The 
seps was believed to inflict death on cattle by biting them 


during the night, its 
bite filling their veins 
with corruption 
(hence the word sep- 
tic), and in conse- 
quence of this belief 
the unfortunate crea- 
ture is still persecuted 
with the same hatred 
as is the slow-worm 
in most parts of 
England. 


OTHER FAMILIES 

The two remaining 
families, A nelytropide 
and Dibamide, of 
lizards are represented 


In the south of France, 
Spain, and Portugal 
it is replaced by the smaller striped seps (C. /ineatus), 
in which the body is marked with nine or eleven longi- 
tudinal stripes. The range of the whole genus embraces 
Southern Europe, Northern Africa, and South-Western 
Asia, from Syria and Arabia to Sind. 

The three-toed seps much resembles a slow-worm 
in general appearance and habits, frequenting damp 
places, where abundance of its favourite worms, 


THREE-TOED SEPS 


by ~worm-like burrow- 
ing species allied to 
the skinks (of which they may be regarded as degraded 
types), but with no bony plates beneath the scales, no 
external ear-openings, and eyes concealed beneath the 
skin. The former family ‘is represented by three 
genera, of which two are African, and the third is 
from Mexico; while of the latter there is only a 
single genus, with one species from Papua, the 
Moluccas, and Celebes, and a second from the Nicobars. 
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CHAM/ELEONS 


HE skinks and their allies are the last reptiles which, 
in the zoological sense, are included under the title of 
lizards, and attention has now to be directed to the 
second subordinal group, represented by those strange 


creatures known as chameleons (Rhiptoglossa). From 
the lizards proper these reptiles are at once distin- 
guished by their worm-like extensile tongues, which 


are club-shaped and viscous at the extremity, and 
capable of being protruded with the rapidity of light- 
ning to a distance of from four to six inches in front of 
the mouth. Hence the name of worm-tongued lizards 
has been suggested for the group. Internally cha- 
meleons differ from all lizards provided with well- 
devetoped limbs in having no collar-bones (clavicles) ; 
while there are likewise certain distinctive features in 
connection with the skull into the.consideration of 
which it will be unnecessary to enter. 

Another important feature by which these reptiles 
differ from lizards is the structure of the feet, in which 
the toes are divided into two opposing branches, thus 
forming grasping organs of great power. In the fore 
limb the inner branch of the foot includes three, and 
the outer two, toes, but in the hind foot precisely the 
reverse arrangement obtains; and from this peculiar 
hand-like structure of the foot—which, by the way, 
recalls the feet of the parrots and many picarian birds 
—chameleons have been termed four-handed lizards. 
Yet another peculiarity in the structure of these reptiles 
is presented by the eye, which is in the form of a very 
large and prominent globe covered by a thick granular 
lid, in the centre of which is a minute perforation for 
the pupil. The deliberate way in which a chameleon 
rolls round one of these extraordinary eyes until it has 
focussed it on the fly about to be caught by the tongue 
is very striking and weird. 

The foregoing are the essential features by which 
chameleons are distinguished from the lizards proper ; 
those remaining for mention not being such as would 
be regarded by naturalists as of subordinal importance. 
Among these may be noticed the triangular helmet- 


THE CHAMZLEON 


like form generally assumed by the hind part of the 
head, which often has three longitudinal ridges, con- 
nected together posteriorly by a cross-ridge, and each 
ornamented with tubercles. The teeth, which are 
small, triangular, and compressed, are placed on the 
summits of the jaws in the acrodont fashion, none 
being present on the palate. 

The body is much compressed, and the neck short ; 
the sitender limbs are so much elongated as to raise the 
body high above the ground in a manner different 
from ordinary lizards ; the tail is long and prehensile, 
thus acting as a fifth hand ; and, in place of scales, the 
head and body are covered with small tubercles. or 
shagreen-like granules. The larger species attain a 
length of some 15 inches, but the dwarf chameleon of 
Madagascar (Brookesia nasus) is less than 2} inches in 
length. 


The members of the Suborder mentioned in this 
work are as follows: 
FAMILY 
Chameleons—Chameleontide 
GENUS 1 
Typical Chamzeleons—Chameleon 
SPECIES 
Mie CHAIMRBIEON so :0 6 sratdl cusses tae’ la ricerca erie tys.ae eae Chameleon vulgaris 
AT GIN). CHATS ICON cthely cnatsiasateje ms ia/eme nor = alayelela a asan) ete ag C. calyptratus 
Bivmiy GHAMMBIGOM = antec cueletrialae gin where mlave « sistas erence saree Cy pumilus 
+ENUS 2 
Brookesia 
SPECIES 


Dwarf chameleon ............+5 Brookesia nasus 


GENUS 3 

Rhampholeon 
Chameleons are represented by about fifty 
species, all of which are comprised in the 
single family Chameleontid@, and by far the greater 
majority in the typical genus Chameleon. Indeed, 
of the two aberrant genera, SByrookesia is repre- 
sented by three species from Madagascar, while 
Rhampholeon comprises two tropical African kinds. 


The true home of the group is Africa and Madagascar, 
together with the neighbouring islands, each of these 
areas comprisingnearly 
half of the known 
species. The common 


chameleon (GC. vul- 
garts) is, however, 
found on the African 
and Asiatic coasts of 
the Mediterranean, 
entering Europe in 
Andalusia; and a 


second species inhabits 
the Isle of Socotra, a 
third Southern Arabia, 
‘and a fourth India 
and Ceylon. 

While most of the 
species are more or less 
uniformly coloured, the 
Arabian C. calyptratus 
is a most brilliantly 
coloured reptile, the 
head being mainly 
bright chrome- yellow, 
while the. back is 
marked with alternate 
vertical bands of blue 
and yellow, and the 
tail ringed with the 
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same two colours. On (oo oS 
the flanks the yellow 
bands of the back be- 
come bright green, 
while the blue ones are 
replaced by mottled 
maroon and blue, the 
under parts and limbs 
being olive flecked with 
yellow. 

What may 
purpose of 
remarkabie 
from: tihe 
chameleon type of 
colouring is not easy 
to conjecture without 
seeing the reptile in its 
native haunts. It may 
be suggested, however, 
that this chameleon 
frequents trees with 
much less dense foliage 
than those to which the 
ordinary green species 


bem the 
such a 
departure 
ordinary 


reson. and.» that its 
c colouring oe 15 of the 
“breaking -up”’ type 


analogous’ to that of 
zebras, and thus 
adapted to render the 
reptile more or less nearly invisible at a short distance. 

Evidently extremely specialised reptiles, chameleons 
stand altogether apart from lizards, not only as regards 
their anatomical structure, but likewise in their power 
of moving one eye independently of the other, in the 
enormous extensibility and protrusive power of their 
tongues, and in their slow and deliberate movements. 
According, however, to those who have had the 
opportunity of observing them in their native haunts, 
chameleons do not move quite so slowly as in confine- 
ment, where they take half a minute in determining 
which limb to move, or on which bough to replace it. 

Passing the whole of their lives in trees, like most of 
their Malagasy compatriots the lemurs, chameleons 
are chiefly found in regions where foliage is 
abundant, and where the fall of rain or dew is sufficient 
to supply them with the amount of moisture they need. 
Consequently, they are most numerously represented 
in coast districts and islands. A few, however, fre- 


quent such parts of desert regions as come under the’ 


influence of the sea moisture, and support a more or 
less scanty vegetation. Needless to say, all the 
species live on “insects, and more especially flies of 
various kinds, which are caught by the viscid secretion 
of the tip of the protrusile tongue. 

Being utterly defenceless Creatures, and having a 
large number of enemies, chameleons depend entirely 
upon their resemblance to their environment for pro- 
tection; and for this end they have the power of 
changing colour, although not, apparently, to such 
an extent as is the case with some lizards of the genus 
Calotes. At night the European species appears 
generally to be of a whitish yellow hue, but with the 
first dawn of day it assumes the dark green colour 
characteristic of most of the species, which exactly 
assimilates to the surrounding leaves, and continues 
to grow brighter and brighter with advancing day. 
When resting on a bough, or when captured in the hand, 
the colour changes, however, to brown; this change 
in the latter case taking place with exceeding rapidity, 
and the skin comeeiiies becoming nearly Bincie with 
the disappearance of all the bright marking. 


PIGMY CHAMALEONS 


This change appears to be due to anger, the creature 
at the same time emitting a sound something between 
a hiss and the chirp or squeak of a very young bird, and 
trying to bite its captor. ‘“‘ Meanwhile,” writes Miss 
C. C. Hopley, “it is all impatience to ascend, no matter 
where, so that it climbs upwards. Up, up, always up ; 
it may be your dress, or whatever is near. It seems to 
think it can be safe only at the top of something. And 
yet they are not found invariably on the upper branches 
of their bush, though generally rather high. Released 
from the hand, its anger soon subsides, so does the 
dark hue, and the creature assumes the tint of the 
surface on which it is placed, greyish, reddish, darker 
or lighter, green or yellow, as may be.”’ 

Several individuals are not infrequently met with 
on the same bush, where they cling tightly to the 
stems among the crowded leaves, being alike difficult 
to detect and to detach, and always exhibiting their 
displeasure at being disturbed by the aforesaid hissing 
sound. ‘‘Absolutely still they remain,” continues the 
writer just quoted, “‘ hour after hour, the only evidence 
of life about them being that revolving little globe of 
an eye, with its pupil turning as an axis, now up, now 
down, forwards or backwards, while its owner clings 
motionless as death. In repose, the long tongue 1is- 
folded up within the dilatable skin of the chin, where 
it has a special sheath for its reception ; but it can be 
darted out with such speed as to take a fly at a distance 
of fully six inches.” 

Although the majority of the species lay eggs, the 
pigmy chameleon (C. pumilus) of the Cape, together 
with five nearly allied African species, produces ‘living 
young, which may be as many as eleven in number 
In confinement chameleons quickly become tame. 
and, if allowed to rest in peace, after a few days cease 
to bite and hiss when handled, and soon venture to 
take a fly from their owner’s hand. 

When chameleons see a foe approaching, they 
always move to the opposite side of the bough, whexe, 
by compressing the body to more than its usual extent, 
they are more or less completely concealed from 
view. 
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SQUAMATA—SUBORDER OPHIDIA 
GENERAL CHARACTERISTICS OF SNAKES 


ORMERLY regarded as representing a distinct ordinal 
group of the reptilian class, snakes are now generally 
considered to form merely a suborder of the great 
assemblage of reptiles which includes both lizards and 
chameleons ; and, from their close structural resem- 
blance to the limbless lizards, there can be do doubt that 
the more modern view is the true one. As a matter 
of fact, it is by no means easy to draw a satisfactory 
distinction between lizards and snakes; and such 
characters as naturalists rely on for the differentiation 
of the two groups are mainly such as are due to adap- 
tation to the special needs of the latter group. 

Agreeing with lizards in their external covering of 
scales, snakes are characterised by their exceedingly 
elongated and slender bodily conformation; the head, 
which is generally more or less flattened, being often 
not defined from the body by a distinctly marked neck, 
while external limbs are wanting, and the body passes 
posteriorly by imperceptible degrees into the tail. 
Occasionally, however, external vestiges of the hind limbs 
may persist, in the form of a pair of small spur-like pro- 
cesses near the vent (p. 1551); and internally there may 
be traces not only of the pelvis, but likewise of the thigh- 
bone, or femur. 
None of these char- 
acters will, how- 
ever, serve to dis- 
tinguish snakes 
from the limbless 
lizards, and it is 
therefore necessary 
to point out how 
the two groups may 
be separated. 

The most charac- 
teristic peculiarity 
of snakes, as dis- 
tinct from lizards, 
is the absence of 
a firm union at the 


glass covers the face of a watch. Whena snake changes 
its skin, which it does several times during the year, 
the discs over the eyes peel off with the rest, and appear 
as lenses inin2 dry slough. Equally characteristic is the 
absence of any external aperture of the ear. 

Resembling that of lizards in its flattened form, the 
tongue of snakes is narrow and smooth, and terminates 
in a fork formed by two long thread-like points, while 
at its base it is inserted into a sheath from which it can 
be protruded at will. The head, although not very 
large, is generally, and especially in the viper tribes, 
wider than the body, from which, as already stated, it 
is but seldom separated by a recognisable neck, and is 
usually oval or triangular in shape, with a more or less 
well-marked depression on the forehead. Near the sides 
of its extremity, and sometimes at the very tip, are 
situated the nostrils; While posteriorly the gape in 
some cases extends almost to the back of the head. 
Superiorly, as well as on its under surface, the head is 
generally covered with a number of large symmetrical 
shields, having their edges in apposition, and varying 
in relative size in the different groups. 

Although the blind snakes have a uniform cuirass of 
polished scales all 
round the _ body, 
while some of the 
sea-snakes also 
have the scales of 
the under part 
similar to those of 
the back, in the 
great majority of 
the members of the 
suborder the under 
surface of the body 
is protected by 
large transverse 
shields, extending 
completely across 
it from side to side. 
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nected together merely by an elastic ligament; this 
arrangement permitting of the separation of the two 
halves of the jaw, and thus allowing the mouth to 
be dilated so as to be capable of swallowing prey of 
much larger dimensions than the normal width of 
its aperture. In addition to this arrangement, in 
the majority of snakes the bones of the upper jaw and 
palate are likewise movable, thus further increasing the 
capacity of the gape. 

From the great majority of lizards snakes are, of 
course, widely distinguished by the absence of functional 
limbs; while from the comparatively few limbless 
representatives of the former group they differ in having 
the tongue completely retractile within a basal sheath, as 
well as by the presence of additional articulations to 
the vertebrae, which are described below. Moreover, 
none of the limbless lizards have the large shields on 
the inferior surface of the body characterising the 
majority of snakes, while most of them possess eyelids 
and an external aperture to the ear. 

No snake has movable eyelids; that portion of the 
skin representing the lids extending as a convex trans- 
parent disc across the eye, and covering it as a watch- 


body proper, but at the beginning of the tail, and thence 
backwards to the extremity, they are replaced by a 
double row of smaller shields. These large inferior 
shields take an important part in the progression 
of snakes on land, so that the reason for their 
absence in the burrowing and marine forms is self- 
apparent. 

In all snakes the number of joints in the backbone is 
very great ; and each of these, with the exception of a 
few near the extremity of the tail, is provided with a 
pair of rather long, slender, and curved ribs, the extremi- 
ties of which correspond to the large inferior shields of 
the body in the species where these are present. 
Superiorly the ribs, as shown in the figure on page 1502, 
articulate by a single head with a facet on each side of 
each vertebra, in the same manner as in lizards. Only 
certain groups of lizards have the vertebre with the 
additional articular facets on the front and back surfaces 
knownas zygantraand zygosphenes, but in snakes these 
are invariably present ; and it is owing to this compli- 
cated system of articulation that a snake is able to make 
the wonderful foldings and contortions characteristic of 
its kind without fear of dislocating its spine. It may 
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be added that no snake has any trace of a breast-bone, 
nor any vestige of a pectoral arch, there being no rudi- 
ments of either blade-bone, coracoid, or collar-bone. 

When progressing on a firm surface, an ordinary 
snake, in common with the limbless lizards, walks 
entirely by the aid of its ribs, which are but loosely 
articulated to the vertebra, and thus readily admit of 
a large amount of motion. In describing their mode of 
progression, Dr. A. Giinther remarks that “although the 
motions of snakes are in general very quick, and may 
be adapted to every variation of ground over which 
they move, yet all the varieties of their locomotion are 
fsanded on the following simple process. When a part 
of their body has found some projection of the ground 
which affords it a point of support, the ribs, alternately 
of one and the other side, are drawn more closely 
together, thereby producing alternate bends of the 
body on the corresponding side. The hinder portion 
of the body being drawn after, some part of it finds 
another support on the rough ground or a projection, and 
the anterior bends being stretched in a straight line, the 
front part of the body is propelled in consequence. 
During this peculiar kind of locomotion, the numerous 
broad shields of the belly are of great advantage, as, 
by means of the free edges of these shields, they are 
enabled to catch the smallest projections on the ground, 
which may be used as points of support. Snakes are 
not able to move 
Over wa peLrtectl y 
smooth surface.”’ 

It may be added 
that a snake is only 
able to move by la- 
teral undulations of 
its body in a _ hori- 
zontai oplane, and 
that those pictures 
in which these rep- 
tiles are depicted as 
advancing with the 
folds of the body 
placed in a_ vertical 
plane are altogether 
erroneous. In con- 
formity with their 
elongated bodies the 
internal organs of 
snakes are long and narrow; and it is remarkable 
that, as a rule, only one of the lungs is functionally 
developed, the other being reduced to a useless rudiment. 

Resembling the other members of the order to which 
they belong in that the teeth are never implanted 
in distinct sockets or grooves, snakes exhibit some con- 
siderable degree of variation with regard to the number 
and structure of their teeth. In the ordinary harmless 
kinds, such as the English water-snake, there are 
generally two rows of short, slender, and sharply-pointed 
teeth in the upper jaw, the innermost of which are 
attached to the bones of the palate, while the lower jaw 
carries only a single row of such weapons. One or two 
of the outer row of upper teeth, either at the front or 
back of the series, may, however, be enlarged beyond 
the rest, and grooved or tubular; and it is probable 
that all snakes with such a dental armature are more or 
less venomous. 

Some of the most deadly poisonous serpents have, on 
the other hand, a type of dentition of their own, and 
there is no doubt that all snakes with teeth of this 
nature are extremely venomous. In such snakes the 
fore part of the very short maxillary bone of each side 
of the upper jaw is armed with an clongated tubular 
tooth, which ordinarily lies nearly flat on the surface 
of the palate, but can be erected, by means of a peculiar 
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mechanism of the bones, when the jaws are opened, so 
as to assume a nearly vertical position. Although in 
this group the poison-fangs are always tubular, in 
some of the other venomous serpents they are merely 
grooved for the conveyance of the venom from the 
secreting gland ; but there is a more or less complete 
transition between the two types, as the closed tube 
is formed merely by the edges of the groove being 
elevated until they unite in the middle line. 

On each side of the upper jaw, below and behind the 
eye, is situated, in poisonous snakes, the poison-gland, 
which is merely an ultra-development of an ordinary sali- 
vary gland; these glands in some cases being so large 
as to extend far back along the sides of the body. The 
gland is overlain by a layer of muscles for the purpose 
of forcing the secretion into the tooth (the base of which 
is. always open) when required; this action auto- 
matically taking place when the snake opens its mouth 
to bite. The poison then flows along the channel or 
tube. to the tooth, and is discharged at its extremity 
into the wound. Considerable force is used in the 
emission of the venom, and when a snake is irritated the 
fluid may be seen to spirt for some distance from its 
point of discharge. 

In some of the less specialised poisonous snakes the 
venom-tooth, which has an open channel, is not greatly 
longer than the others, and is placed nearly vertically 
when the mouth is 
closed. Although the 
poison-teeth are com- 


monly regarded as 
purely defensive 
weapons, their chief 


use is for the destruc- 
tion of the prey of 
their owners, which 
is always killed before 
being swallowed. The 
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exceedingly likely to 
be broken off during 
use, but to take its 
place there are always 
several others lying 
on the gum _ behind 
it in different stages of development. 

One African snake has the power of spitting out 
its venom to a considerable distance ; and so powerful 
is the secretion that, if it happens to strike the eye, 
severe and painful inflammation ensues. 

Before the doctrine of parallelism in development 
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received the attention it merits, snakes were 
generally divided into harmless and _ poisonous 
groups, but since naturalists have become _ better 


acquainted with that important factor in evolution, 
it has been recognised that such a distinction is a4 
purely artificial one, and has nothing to do with real 
affinity. Certain groups of snakes, such as the members 
of the viper tribe, may, however, be wholly poisonous, 
while in other groups, such as the typical snakes, some 
species may be venomous and others innocuous. 
Many attempts have been made to draw up a list of 
characters by means of which the harmless members 
of the suborder can be distinguished at a glance from 
those which are hurtful, but this, as might have been 
expected, has proved impossible. As Mr. G. A. 
Boulenger observes, “‘ There is no sure method of 
distinguishing the two kinds by external characters ; 
except, of course, by a knowledge of the various forms. 
And even then a cursory examination is not always 
sufficient, since there is, in some cases, a_ striking 
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resethblance between snakes of totally different 
affinities, by which even specialists may at first be 
deceived.”’ Moreover, it has now been ascertained 
that the saliva of certain reputedly non-venomous 
species, like the rat-snake, has poisonous properties. 

The mortality due to snake-bite in India and other 
tropical countries where the natives are in the habit 
of going about with unprotected ankles simply 
appalling, but in the case of Europeans, whose legs are 
well-protected, death from snake-bite is comparatively 
rare ; and an English sportsman in India thinks nothing 
of walking over ground which may be swarming with 
snakes. In regard to the comparative rarity of death 
from snake-bite among Europeans in Australia, Messrs. 
Lucas and Le Soeuff observe that it is not owing to lack 
of venomous properties in the snakes themselves. On 
the contrary, in many Australian snakes, ‘‘ the virulence 
of the poison itself is actually much greater than that of 
cobra-venom. But there are several mitigating 
circumstances. The snakes are, asa rule, more anxious 
to avoid man than he is to avoid snakes. You may 
traverse miles of virgin bush in what seems to be good 
snake-country without seeing one of them. With 
the exception of the death-adder, they quickly with- 
draw when they hear your step on the ground or the 
crackling of the dead sticks as you pass along. It is 
only in January or February, when they are mating, 
that the snakes lie about, and are too pre-occupied 
to make off at your approach. 

“In the more populous parts of the continent the 
snakes are only in evidence during 
the summer months; in the winter 
they are hibernating in retreat. 
The quantity of venomous fluid 
ejected by our snakes is nothing 
like the quantity ejected by the 
cobra or rattlesnake. The pro- 
portion of the toxic principles 
present in the fluid, too, has been 
found to vary very greatly, doubt- 
less depending on the condition 
of the snake, its age and vigour. 
The poison-glands may be ex- 
hausted by previous bites. In cold weather the 
reptiles are nearly dormant; while changing the skin 
they are sluggish. The fangs of our largest venomous 
snakes are not nearly so long as are those of the rattle- 
snake and cobra, and consequently do not penetrate 
so deeply, and have less chance of perforating a vein. 
The points are solid for a quarter of the length of the 
fang, and consequently the poison is not conducted 
to the depth of the full length of the fang.” 

Till the discovery that an anti-toxin might be made 
from the venom itself—in regard to which more is 
stated under the heading of sea-snakes—bites from the 
more venomous kinds of serpents nearly always 
produced fatal effects. 

Snakes very generally assume threatening attitudes 
when encountered, and endeavour to frighten enemies 
by hissing loudly. An idea has been long current that 
snakes have the power of “ fascinating ’’ their intended 
victims, or reducing them to a condition of helplessness 
through abject terror, but recent experiments tend to 
show that the whole story of “‘fascination’”’ is a 
popular notion, the great majority of animals taking 
no notice of the presence of snakes. It is, however, 
very significant that monkeys and apes form a remark- 
able exception in this respect, gibbering and trembling 
with terror whenever snakes are brought near them, and 
it has accordingly been suggested that the antipathy 
to snakes which is so deeply implanted in human nature 
is an inheritance from ape-like ancestors. 

Snakes have adapted themselves to almost all kinds 
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of situations. Many inhabit grass-jungles, swamps, 
and forests ; some are arboreal ; others are inhabitants 
of rocky. situations or sandy deserts, while certain 
kinds spend much of the time in fresh-water, and the 
members of one group are wholly marine. Others, 
again, burrow like worms. One Malay species, 
Coluber teniurus, lives in caves, where it preys on 
bats. The cave-haunting examples of this species are 
much paler in colour than the typical form, which 
ranges from China to the Malay Archipelago, and 
attains a length of 7} feet. In the cave specimens the 
top of the head is bluish grey, and a black line about an 
inch long runs through the eye towards the neck. The neck 
and back are pale ochery, each scale being tipped with 
tawny, becoming paler towards the tail; the middle of 
the back is yellowish, and the under side pale yellowish 
white. The tail has a white bar along the upper 
surface, and the under part is pure white ; along the sides 
runs a purplish grey bar, becoming darker or black 
towards the tail. This colouring is suited to the habits 
of the snake, which frequents the darkest portions of 
the caves, often living at aconsiderable distance from the 
mouth, although it may S6metimes be met with at the 
mouth. 

This snake has a habit of resting on the ledges of rocks 
in the neighbourhood of the mouth of the caves, with 
the head hanging over the edge, so as to capture the 
bats as they fly in and out. The walls of the caves, 
though of white crystalline limestone, are not pure 
white, but pale ochery yellow, with black veins running 
down the sides. The colouring of 
the snake is so exactly that of the 
walls, the black line on the tail 
representing the shadow of a crack 
or projecting vein, that the reptile 
when at rest on the walls is difficult 
to see, and readily escapes observa- 


tion. The snakes are usually 
found in the darkest parts of the 
caves, but though they seem 


dazed and purblind when suddenly 
brought out into a bright light, 
they soon regain normal vision. A 
specimen of a second species, Coluber moellendorffi, 
has been captured at Caikim, Tonkin, in a limestone 
cave, were the most complete darkness prevails. Com- 
pared with C. teniurus, this species is quite differently 
coloured, its upper parts being grey with a median 
series of large dark, black-edged spots, and a lateral 
series of smaller spots, and the tail encircled by coral-red, 
black-edged bands; the lower parts being red, with 
black spots. 

Certain snakes are also stated to take short journeys 
in the air, the natives of Borneo attributing the power 
of flight to three species, namely, Chrosopelea ornata, 
C. chrysochlora, and Dendrophis pictus, and from a note 
by Mr. R. Shelford it appears that these reptiles really 
can descend fromaheight in a manner analogous to that 
practised by flying-squirrels. In the ventral scales of 
these snakes there is a suture on each side, and by 
muscular contraction these scales can be drawn inwards, 
so that the whole lower surface becomes concave, and 
the body may be compared to a bamboo split longi- 
tudinally. Experiments showed that the snake, when 
made to fall from a height, descended with the body 
rigid, and that the line of fall was at an angle from the 
point of departure to the ground. Mr. Shelford 
considers it probable that the concave lower surface 
buoys the reptile up in its fall, since it is well-known 
that a longitudinally bisected rod of bamboo falls 
through the air perceptibly slower than an undivided 
rod of equal weight. 

Among snakes even partial albinism is rare, while 
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wholly white individuals appear to be unknown. 
A semi-albino of the ringed snake has, however, been 
described, which was obtained in the neighbourhood 
of Berlin, and is preserved in the museum of that city. 
The ground- colour of the head and back is yellowish 
white, passing into bluish white on some parts of the 
region of the forehead. On the back are a number of 
brownish red spots, some of which are united, and where 
they are thickly approximated tend to form longitud- 
inal and oblique lines. There is also a pale yellowish 
neck-band, with a blackish brown band behind it, while 
the lip-shields show a yellowish ground-colour, with a 
blackish grey border. In the eye the iris presents a 
number of yellowish brown pigment-spots, and the 
pupil is mainly dark red. V ery noteworthy is the fact 
that the tongue is white, instead of the normal black. 
It may be added that the B: erlin Museum also possesses a 
ringed snake from North-Western Germany in which 
the general ground-colour of the upper surface is light 
grey, while “the network-pattern seen in embryos is 
indicated by blackish lines. 

Geologically speaking, snakes are a comparatively 
modern group, being scarcely known below the lowest 
portion of the Eocene division of the Tertiary period, 
although one or two kinds have been described from 
the underlying Cretaceous rocks, -- 
and one species has been recorded 
from the Gault of Portuga 
tion underlying the Chalk. A very 
large python (Gigantophis garstint) 
occurs in the middle Eocene deposits 
of Egypt, and remains of big sea- 
snakes (Palg@ophis) are found in the 
lower Eocene London Clay. 

It is noteworthy that one of the 
North American lower Eocene snakes 
has the additional articular facets of 
the vertebre very imperfectly de- 
veloped; and there can be little 
doubt that the whole group is an 
offshoot from the lizards. From the 
beginning of the Tertiary period, the 
group seems to have gone on | 
steadily increasing in numbers, and 
it is now represented by some 
fifteen hundred species, ranging all 
over the world except New Zealand. 

Snakes are, however, much more abundant in the 
moist tropical regions of the globe than in colder regions, 
and it is there only that they attain their maximum 
development in point of size. India and the Malay 
countries, where there are representatives of the whole 
of the nine families into which the suborder is divided, 
are the home of a greater number of both genera and 
species of snakes than any other part of the world. Tree- 
snakes are very common in this region, while the gigantic 
pythons are shared by it in common with Africa. 

The proportion of poisonous to innocuous species is 
likewise very high in the Indo-Malay region, and has 
been estimated at about one inten. Africa has scarcely 
half the number of snakes found in the Indian region ; 
and it is noteworthy that the species inhabiting Mada- 
gascar have little in common with those of the main- 
land ; the so-called lycodonts, which are so common 
in Africa, being unknown in Madagascar, while some 
of the species from that island are closely allied to 
South American types. Whereas pit-vipers are absent, 
an especial feature of Africa is the number of typical 
vipers which inhabit that country ; and Australia, which 
differs so remarkably from India in tortoises, possesses 
snakes (and likewise lizards) closelyallied to Indian forms. 

Next to the Indian region, Tropical America is richest 
in ophidians, although the number of generic types is 
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not so great. The proportion of poisonous species is, 
however, high, and has been estimated at as much as 
one in eight. In Southern Argentina and Patagonia 
snakes become scarce. Unlike its chelonians, the 
snakes of North America present a resemblance to those 
of Central America. Indeed, a feature of the whole 
of America is the absence of typical vipers, and the 
abundance of pit-vipers, although several genera of 
the latter are common to Asia. Europe and Northern 
Asia are comparatively poor in snakes, but (next to 
Africa) are characterised by the number of typical 
vipers and colubrine water-snakes. 

Although a few members of the suborder subsist on 
eggs, snakes, as a rule, capture and devour living animals, 
which are in all cases swallowed whole, as these reptiles 
have no apparatus for rending or masticating their 
food. And it is in order that they may be able to 
swallow larger animals than would otherwise be 
possible that they have the power of dilating their 
jaws in the manner already indicated. Not only can 
the jaws be thus enlarged, but the throat and stomach 
are likewise capable of dilatation, owing to the circum- 
stance that the lower ends of the ribs, from the absence 
of a breast-bone, are quite free; and in swallowing a 
snake seems 5 gradually to draw itself over the object to 
-, be devoured. 

, The majority of snakes devour 
| their prey alive, and a frog may be 
seen struggling in the stomach of a 


common English ring-snake long 
after it has been swallowed. Other 
| snakes, however, kill their prey 


' either by striking it with their poison- 
_ teeth, after the manner of vipers, or 
_by encircling and smothering it in 
_the folds of the body, like boas. 
| Although the process of digestion 
is very rapid, snakes feed but 
seldom; and it has been asserted 
that two or three frogs are sufficient 
, to supply the needs of the European 
| ring-snake for a whole year. All 
_ snakes drink much, water being abso- 
lutely essential to their existence. 
As might have been expected from 
their numbers, snakes exhibit great 
diversity in their modes of life; 
and while those of the tropical regions remain active 
throughout the year (unless they lie by during periods 
of drought), the species inhabiting colder regions 
hibernate during the winter. The most remarkable 
diversity from the ordinary mode of serpent life is dis- 
played by the blind-snakes, which lead a completely 
subterranean existence, very seldom making their 
appearance above the surface. 

The great majority of serpents are terrestrial in 
their habits, seldom entering the water or climbing 
trees; and these ground- snakes, as they may be 
called, are characterised by their cylindrical form and 
the width of the shields on the inferior surface of the 
body. Tree-snakes, on the other hand, which are 
mostly remarkable for their brilliant colouring, lead 
an almost completely arboreal life. Frequently they 
have the body very slender, or the shields on its under 
surface may be keeled in order to afford a firmer hold 
in climbing, while in other instances the tail is pre- 
hensile. It is among this group that the egg-eating 
species are found. 

The fresh-water snakes swim and dive with 
facility in the waters of rivers and lakes, where 
they spend a large portion of their time, feeding on 
such aquatic creatures as they can capture therein. 
As a rule, these snakes are distinguished by having the 
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nostrils placed at the top of the muzzle, and likewise 
Finally, the sea-snakes, 
which have the nostrils situated as in the last group, 
are distinguished by the lateral compression of their 
In all cases extremely poisonous, these snakes 
are almost entirely pelagic in their mode of life, seldom 
dying if 
ashore, although in one genus the shields on the under 
surface of the body are sufficiently developed to admit 


by the tapering form of the tail. 


tails. 


approaching land, and _ generally 


of terrestrial progression. 


TABLE OF LIVING OPHIDIA MENTIONED IN 


ORDER 
Squamata 
SUBORDER 3 
Snakes—-Ophidia 
FAMILY 1 
Blind-Snakes—Typhlopids 
GENUS lL 
Blind-Snakes—Typhlop; 
SPECIES 
Typical blind-snake ....Typhlops vermicularis 
GENUS 2 
Hel minthophis 
GENUS 3 
Typhlophis 
FAMILY 2 
Glauconiidse 
GENUS 
Glauconia 
FAMILY 3 
Pythons and Boas—Boids 
GENUS 1 
Pythons—Python 


SPECIES 
Malay python............ Python reticulatus 
BOM AICA PYTHON. 6 sive sect vees P. seb 
Australian diamond snake.......... P. spilotes 
Amethystine python......... P. «methystinus 
DUNOL DON ness oa nag ct ant P. timorensis 
LCL SURENONN s cro cucimce FG ovo hee «vin. 5 P. molurus 
APSO PV CIOS pcre cce sigma ene ctey 3 P. regius 
Amnehicta’s python......-....6... P. anchiete 
Sumatran python......-....222.00. P. curtus 
GENUS 2 
Loxocemus 
SPECIES 
Mexican python.......... Loxocemus bicolor 
GENUS 3 
Nardoa 
SPECIES 
Now Ereland boa......-.-seenes- Nardoa boa 
GENUS 4 
Liasis 
GENUS 5 
Chondropython 
GENUS 6 
Australian Pythons—Aspidites 
GENUS 7 


West African Python—Calabaria 
GENUS 8 
Tree-Boas—Epicrate3 
SPECIES 
Pale-headed tree-boa...... Epicrates angulifer 
Bivomised tree-bod. o... cc csaswccens kK. striatus 
Thick-necked tree-boa. E. cenchris 
GENUS 
Corallus 
SPECIES 
Malagasy tree-boa .. Corallus madagascariensis 
Dog-headed tree-bod.. 1... cccccecs C. caninus 
Typical tree-boe... 0.5 ccecs ewes C. hortulanus 
GENUS 10 
Keeled Tree-Boas—Enygrus 
GENUS 11 
Anaconda—Eunectes 
SPECIES 
ARACOUGS 05 ce v enue 'ss ws Eunectes murinus 
GENUS 12 
Trachyboa 
GENUS 13 
Ungalia 
GENUS 14 
Ungaliophis 
GENUS 15 
Boas—Boa 
SPECTES 
Malagasy boa.......... Boa madagascariensis 
B. dumerili 
“TEHG 1D Oah a) oi sore ce aearan ae eesti aie ara) ae B. constrictor 
GENUS 16 
Casarea 
SPECIES 
Keel-scaled boa.......:.: Casarea dussumieri 


Sand-Snakes—Eryx 


washed 


By far the great majority of the members of the 
suborder lay eggs, of an oblong form enclosed in soft 
leathery shells, which are hatched by the natural 
heat of the places where they are deposited. 
however, incubate their eggs, which are spherical, 
although it does not appear that at such periods a 
temperature perceptibly above the normal is developed. 
On the other hand, both in the fresh-water and sea 
snakes, the eggs are retained within the body of the 


Pythons, 


mother until hatched. 


SPECIES 
Egyptian sand-snake............ Eryx jaculus 
THAMaM SANG-SHAKG.. cG< cso che vere kK. johni 


i. conicus 
GENUS 18 
Lichanura 
GENUS 19 
Charina 
GENUS 20 
Mauritian Sand-Snake—Bolieria 
FAMILY 4 
Cylinder Snakes—lIlysiidze 
GENUs 1 
Ilysia 
SPROIS 
Date Merceraies Wig wiatecataty: Tlysia seytale 
GENUS 2 
Cylindrophis 
SPECIES 
ROG SHANG og ki, Maes euieles Cylindrophis rufus 
GENUS 3 
Anomalochilus 
FAMILY 5 
Shield-tails—Uropeltidee 
FAMILY 6 
Xenopeltidsxs 
GENUS 
Xenopeltis 
SPECIES 
Xenopeltis unicolor 
FAMILY 7 


Colubrine Snakes—Colubridz 
GENUS 1 
Acrochordus 
SPECIES 
Javan wart-snake...... Acrochordus javanicus 
GENUS 2 
Chersydrus 
SPECIES 
Chersydrus grinulatus 
GENUS 3 
Xenodermus 
SPECIES 
Oriental wart-snake .. Xenodermus javanicus 
GENUS 4 
Indian Wart-Snake—Stoliczcaia 
GENUS 5 
Nothopsis 
GENUS 6 
Water-Snakes—Tropidonotus 


Coral-snake 


SPECIES 
Tropidonotus natrix 
VA Pee ee T’. tesselatus 
WAIPSrINe BURNS. cota Sine sears <a 'T. viperinus 
GQTUOFr-SIARG i. vat cae ckelw aus T. ordinatus 
Moceaslti-anaxes oii. eweaeha T. fasciatus 
Indian two-banded snake ......... T. stolatus 


GENUS 7 
Oblique-eyed Snakes—Helicops 
SPECIES 
Keel-tailed snake........ Helicops carinicauda 
GENUS 8 
Pigmy Snakes—Calamaria 
SPECIES 


Javan pigmy snake.......... Calamaria linnmi 
GENUS 9 
Coronella 
SPECIES 
Smooth snake ............ Coronella austriaca 
SIR SURE Dis 5 ce am cae nais aioe C, brachyura 
PC INEOMURO Ye oasis io alsin ce s'sie eine ee C. getulus 


GENUS LO 
Rat-Snake Group—Zamenis 


SPECIES 
Dark green snake........ Zamenis gemonensis 
Horseshoe snake....cceevceses Z. hippocrepis 
FOUASLKGS «<5 eine ainls b nw eke ee Z. mucosus 
Z. corrus 
PUACK SNAKE. ci stelancee a4) catenistnes Z. constrictor 


GENUS 11 
Panther-Snake- Group—Drymobius 
SPECIES 
Panther-snake.......... Drymobius bifossatus 
GENUS 12 
Coluber 
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SPECIES 


JEsculapian snake........ Coluber longissimus 
Leopard Onake...sviecesscsvesne C. leopardinus 
Four-lined snake.......... C. quatuor-line .tus 
Back-marked snake...........-+.- C. sealaris 
Cote-siake. cre crtunes ase sexe C. guttatus 
Chicken-snake. Joc ssso revs eo<ns C. obroletus 
BOw-Onehesisico/..80 aie sales C. melanoleucus 
CORaIa? erm... ls situ sic cline cs ie C. corais 


GENUS 13 
Sipos, or Wood-Snake;—Herpeatodryas 
SPECIES 
EDO SG cin pw ws se,<is Herpetodryas carinatus 
GENUS 14 
Tree-Snakes—Dendrophis 
GENUS 15 
Dendrelaphis 
GENUS 16 
Dasypeltis 
SPECIES 
ide wiatacs. os Dasypeltis sca bra 
GENUS 17 
Oxyrhopus 
SPECIES 
MOOn-A0RRG:. aii aac ne how Oxyrhopus coronatus 
GENts 18 
Cat-Snake—Tarbophis 


Egg-eating snake 


SPECIES 
CARN rs 5c alee cw alate Tarbophis fallax 
GENUS 19 
Nocturnal Tree-Snakes—Dipsadomorphus 
SPECIES 


Malay tree-snake. Dipsadomorphus dendrophilus 
GENUS 20 
Philodryas 
SPECIES 
Green snake.......... Philodryas viridissimus 
GENUS 21 
Whip-S nakes— Dryophis 
SPECIES 
Indian whip-snake ...... Dryophis mycterizans 
GENUS 22 
Sharp-nosed Snakes—Oxybelis 
GENUS 23 


Thelotornis 
African sharp-nosed snake........ *Thelotornis 
kirtlandi 
GENUS 24 
Homalopsis 
SPECIES 


Homalopsis buccata 
GENUS 25 
Cantoria 
GENUS 26 
Elaps 
SPECIES 
Small-sealed snake a 
GENUS ¢ 
Homorelaps 
GENUS 28 
Masked Adders—Callophis 
SPECIES 
Masked adder .......... Callophis macclellandi 
GENUS 29 
Long-glanded Snakes—Doliophis 
SPECIES 
Burmese long-glanded snake .. 


Elaps corallinus 


. -Doliophis in- 


testinalis 
GENUS 30 
Kraits—Bungarus 
SPECIES 
Banded krait ............ Bungarus fasciatus 
EY DICE KTWG Ss ccirivcc.s epee eonecan B. candidus 
Geyion krait! cic socks cnsem es B. ceylonicus 
GENUS 31 
Hemibungarus 
GENUS 32 
Cobras—Naia 
SPECIES . 
UNO CODED 5 isis_ssnre re cane Naia tripudians 
MIBWACODIA! sais Son eae ..N. bungarus 
ATICSD CODEAT .c)- se enya ete orem eee N. haie 
GENUS 33 
Ringhals—Sepedon 
SPECIES 
RGD or as ace ee +.+...Sepedon hemachetes 


GENUS 34 
Death- Adders—Pseudechis 
SPECIES 
Death-adder......0... Pseudechis porphyriaca 
GENUS 35 
Brachyaspis 
SPECIES 
Short death-adder.......... Brachyaspis curta 
GENUS 36 
Acanthophis 
SPECIES 
Spine-tailed death-adder ..Acanthophis ant- 
arcticus 
GENUS 37 
Platurus 
SPECIES 
Banded sea-snake ...... Platurus laticaudatus 
P. colubrinus 
P. schistorhynchus 
GENUS 38 
Hydrus 
SPECIES 
Parti-coloured sea-snake ....Hydrus platyurus 
GENUS 39 
Typical Sea-Snakes—Hydrophis 
GENUS 40 
Distira 
SPECIES 
Black-banded sea-snake .. Distira cyanocincta 


THE blind-snakes, which are arranged under two 


BLIND-SNAKES 


FAMILY 8 
Blunt-heads—Amblycephalidx 


FAMILY 9 
Vipers—Viperidee 
GENUS 1 
Typical Vipers—Vipera 
SPECIES 
SUDO AVIDOL Reet ene aie eee eee Vipera berus 
Southern vipers ween oe V. aspis 
DOng=snosed Viper so... ee ce V. ammodytes 
assole Viperss ce vere eco hans V. russelli 
V. libetina 
GENUS 2 
Puff-Adders—Bitis 
SPECIBS 
SRE DUM Ader ye wrwncminede seen t Bitis arietans 
Gabun puff-ddder .......... ...B. gabonica 
Nose-horned viper ............ B. nasicornis 
GENUS 3 
Horned Vipers—Cerastes 
SPECIES 
Egyptian horned viper ...... Cerastes cornutus 
Sahara horned viper .............. C. vipera 
GENUS 4 
Saw-Vipers—KEchis 
SPECIES 
Hja, or saw-viper ..cce ee: Echis carinata 
Arabian 6aw-Viper 2... 22..). ass en eal E. colorata 


BLIND-SNAKES 


ones meet in the middle line. 


GENUS 5 
Rattlesnakes—Crotalus 
SPECIBS 
he rattlesnake: sa-rscsce ee Crotalus horridus 
Diamond rattlesnake ........ ..C. durissus 
C. confluentus 
South American rattlesnake ...... C. terrificus 
GENUS 6 
Sistruarus 
SPECIES 
Sistruarus miliaris 
GENUS 7 
Lachesis 
SPECIBS 
IBUSHOTAS LED vfoeiecrle pears Lachesis muta 
[PROB VADER = cha nobis acaia ionae erneere ee L. graminea 
Rat-tailed viper... ak cass L. lanceolata 
DADariay as ox she cathe caesar L. atrox 
GENUS 8 
Halys Vipers—Ancistrodon 
SPECIES 
Himalayan halys .. Ancistrodon himalayanus 
(Cara Wala: Ie yrcgret ees aac hypnale 
Siberian: halye> 6 tess Sone an oe eS A. halys 
Copper Nese ss acta ce comes A. contortrix 


W ater-Vipery cone cencgreus? eters A. piscivorus 


As regards their origin, 


families (I'yphlopide and Glauconiid@), are small, 
worm-like reptiles, with cylindrical bodies and short 
heads and tails, entirely adapted for a subterranean 
burrowing life. Lacking the large inferior transverse 
shields characterising ordinary snakes, blind-snakes 
have the body and tail covered on all sides with round, 
overlapping scales of equal size on both the upper 
and lower surfaces ; and there are large shields on the 
fore part of the head, one of which on each side covers 
the rudimentary eye. The cleft of the mouth, which 
is very small, is placed on the lower surface of the head, 
and the jaws admit of scarcely any dilatation. 

An important point of difference from all other 
members of the suborder is that teeth are absent in 
either the upper or the 
lower jaw, and in all cases 
larger or smaller vestiges 
of the pelvis remain. The 
most important distinction 
is, however, to be found 
in the palate of the skull, 
which differs from that of all other snakes in lacking 
the so-called transverse or transpalatine bone, which 
connects the pterygoid, or hindmost bone of the 
palate, with the posterior extremity of the jawbone, 
or maxilla. In the first, or typical, family of blind- 
snakes, the upper jaw, which is but loosely attached to 
the rest of the skull, is furnished with teeth, while the 
lower jaw is toothless; the pelvis being represented 
merely by a single bone on each side. 

On the other hand, in the second family (Glauconiide), 
while the upper jaw is devoid of teeth, there are a few 
teeth in the lower one, the pelvis being represented by 
a pair of bones on each side, of which the two anterior 
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it seems probable that blind-snakes have little or no 
near relationship with any other members of the 
suborder to which they belong. 

The typical blind-snakes, or those belonging to the 
family ZTyphlopide, are inhabitants of all the warmer 
regions of the globe, and represented by nearly a 
hundred species arranged under three genera. By far 
the greater number of these species belong to the 
typical genus Typhlops, which has a_ distribution 
coextensive with that of the family; the other two 
genera—namely, Helminthophis, with five species, and 
Typhiophis, with one—being confined to Central and 
South America. The second family contains only the 
single genus Glauconia, of which there are about 
thirty species, inhabiting 
America, Africa, and South- 
Western Asia. 

Very little has been re- 
corded in regard to the habits 
of these curious. snakes, 
although it is ascertained 
that they lay eggs, which are few in number, large in 
size, and elongate in form. Although they generally 
remain in their subterranean burrows, in showcry 
weather these snakes not infrequently come to the 
surface for a short time. The remains taken from 
their stomachs show that they feed largely upon 
millipedes and ants, and they probably also consume 
the larve of many insects. Captive specimens have 
been observed to drink freely. The European blind- 
snake (lyphlops vermicularis) is an inhabitant of 
Greece and several of the adjacent islands, Asia 
Minor, Syria, Arabia, Petraa, and the Caucasus as far 
as Transcaspia. 


PYTHONS AND BOAS 


NCLUDING the largest of living and extinct snakes, the 
family Boid@ is regarded as the most generalised of 
the entire suborder (exclusive of the blind-snakes), all 
the others presenting such characters as would admit of 
their having taken origin from ancestral types belonging 
to the one under consideration. In common with the 
remaining families, pythons and boas differ from_ the 
blind-snakes in that both jaws are fully toothed, and like- 
wise in the presence of a transverse bone to the palate. 
The characters specially distinguishing the present 
from the other families of the suborder are largely 
derived from the structure of the skull, and therefore 


require some degree of anatomical knowledge for their 
proper appreciation, and cannot be described without 
the use of a considerable number of technical terms. 
It may be mentioned, however, that the lower jaw has 
on the inner side of each branch a thin bone known as 
the coronoid; while on the top of the skull the pre- 
frontal bones, which le on the outer side of the fore 
part of the frontals, articulate with the nasal bones, or 
those roofing the front of the cavity of the nose. In 
the hind part of each side of the skull lies a large bone 
termed the supra-temporal, from which is suspended the 
quadrate bone for the articulation of the lower jaw ; 
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while a further important characteristic is to be found 
in the presence of vestiges of the pelvis and hind limbs, 
the latter usually taking the form of a claw-like spur 
situated on either side of the vent (p. 1550~1). 

The family, which contains a very large number of 
genera and species, has an extensive geographical dis- 
tribution, being represented in South-Eastern Europe, 
Central and Southern Asia, Africa, Australia, the West 
Indies, western North America, and Central and South 
America; it is thus essentially characteristic of the 
warmer regions of the globe. Pythons belonging to 
extinct genera lived on the Continent and in England 
during the earlier part of the Tertiary period. 


TYPICAL PYTHONS 

The large snakes to which the term python properly 
belongs are the typical representatives of the first of the 
two subfamilies into which the Botd@-are divided ; the 
essential feature of this subfamily (Pythonine) being 
the presence on the upper aspect of the skull of a 
supraorbital bone lying on each side of the frontal 
bones, and forming the upper border of the socket 
of the eye. 

Agreeing with three other less important genera in the 
presence of teeth in the premaxille, or anterior upper 
jawbones, and also in generally having two rows of 
shields on the under surface of the tail, pythons are 
specially characterised by the distinctly prehensile 
tail, and likewise by the presence of deep pits in the 
rostral and anterior upper labial shields of the head. 

As minor characteristics, it may be mentioned that the 
teeth, none of which is grooved, gradually decrease in 
size from the front to the back of the jaws, and that the 
eve is of moderate size, with a vertical pupil. The head, 
which is distinct from the neck, has the extremity of 
the snout covered with large shields, and its hind 


portion may be overlain either with symmetrical... 
shields or with small scales. Each nostril is placed 
in a half-divided nasal shield, popes 
separated from its fellow 

on the opposite side by a 

pair of internasal _ shields. 


[he body in these snakes is 
more or less compressed, the 
scales on the upper surface and 
sides are small and smooth, and 
the prehensile tail is of moderate 
length, or short, with the whole 
or greater part of the inferior 
shields arranged in two rows. 
Pythons, or, as they are fre- 
quently termed, rock-snakes, 
are represented by about half 
a score of species, and range 
over Tropical and Southern 
Africa, South-Eastern Asia, and 
Australasia. With the excep- 
tion of the American anaconda, 
some of the pythons are the 
largest of all snakes, and it is 
now ascertained that the Malay 
python (Python — reticulatus), 
although generally muchsmaller, 
occasionally attains a length of 
30 feet, while the South African 
python (P. sebe) is stated to 
reach 23 feet. It is, however, 
seldom that pythons of more 
than from 15 to 2o feet in 
length are met with; but even 
these are sufficiently formidable 
creatures, since they have a 
circumference as large as a 


man’s thigh, and can easily kill such animals as small 
deer, full-grown sheep, and dogs of considerable size. 
They appear, however, to be unable to devour animals 
of larger dimensions than a half-grown sheep. Very 
much larger dimensions have recently been assigned 
to some members of the group. 

A python destroys its victim in much the same 
manner as-do many of the smaller snakes, gradually 
smothering it by throwing over it coil after coil of its 
body. In swallowing, writes Dr. A. Giinther, pythons 
“always begin with the head, and as they live 
entirely on mammals and birds, the hairs and feathers 
offer a considerable impediment to the passage down 
the throat. The-process of deglutition is, therefore, 
slow, but it would be much slower except for the 
great quantity of saliva discharged over the body of 
the victim. 

“During the time of digestion, especially when the 
prey has been a somewhat large animal, the snake 
becomes very lazy; it moves itself slowly when dis- 
turbed, or defends itself with. little vigour when 
attacked. At any gather time the rock-snakes will 
fiercely defend thefsattes when they perceive that no 
retreat is left to them. Although individuals kept in 
captivity become tamer, the apparent tameness of 
specimens brought to Europe is much more a state of 
torpidity caused by the chmate than an actual altera- 
tion of their naturally fierce temper.” 

In their general habits snakes of this genus are noc- 
turnal, and they generally live on or among trees in the 
neighbourhood of water, frequently swimming in the 
water. The handsomely marked Malay python (P. 
veticulatus), of Burma and the Malay Arthipelago, 
not infrequently takes up its abode in buildings, whence 
it issues forth at night to capture such prey as it can 
find. 

It had long been reported by travellers in India that 
“pythons incubated their: large spherical eggs, which 
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PY THONS 
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ot these subgroups is the Aus- 
tralian diamond-snake, or carpet- 
snake (P. spilotes), characterised 
by the crown of the head being 
covered with scales or small 
irregular shields, and the presence 
of pits on two or three of the 
upper labial shields of the snout. 

This snake, formerly referred to 

a genus apart (Morelia), is an 

inhabitant of New Guinea and 

Australia, and is of compara- 

tively small size, attaining a 
' total length of only about 64 

feet ; its colour being extremely 

variable. The variety in which 

_ the skin is most spotted was 
/ long regarded as a distinct 
species, under the name of the 
carpet-snake. 

The other two members of 
this group are the amethystine 
python (P. amethystinus) and the 
| Timor python (P. timorensis), 
both distinguished by the 
presence of large symmetrical 
shields on the crown of the 
| head, and by four upper labial 
shields being pitted. The former, 
which grows to a length of 
about 11 feet, ranges from the 
Moluccas and Timor to New 
Guinea, New Ireland, New 
Britain, and the north of Queens- 
land, while the latter is restricted 
to the islands of Timor and 
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may be compared in size to lawn-tennis balls, and 
although such reports were received with incredulity, 
their truth was established in 1841, when a female 
African python in the Jardin des Plantes, Paris, laid 
fifteen eggs on May 6, which she subsequently 
proceeded to incubate. When first laid, the eggs, 
which were completely separate, were soft, oval, and 
ashy grey, but they soon assumed a rounder form 
and a clear white tint, at the same time hardening. 
The parent collected them into a cone-shaped pile, 
around which she rolled herself in such a manner as to 
conceal the whole number, with her head forming the 
summit of the cone. 

For upwards of six-and-fifty days this position was 
maintained without movement, except when persons 
attempted to touch the eggs. On July 2 the 
shell of one of the eggs split, revealing a fuliy-formed 


baby python within, and on the next day iie little 
reptile came forth into the world. During the four 
succeeding days eight more snakes made their 
appearance, but the rest of the eggs were spoilt. In 


from ten days to a fortnight the young pythons changed 
their skins, after which they caught and devoured some 
live sparrows, seizing and smothering them in the 
manner in which full-grown individuals destroy prey 
of larger size. A second instance of a python brooding 
its eggs has been subsequently observed. 
Pythons may be divided into two groups, according; 
as to whether the number of pairs of shields on the 
lower surface of the tail exceeds or falls skurt of fitty ; 
the members of the first group being further divisible 
into two sections, according as to wnether the number 
of scales in a row round the thickest part of the body 
varies from thirty-nine to sixty, or from sixty-one to 
ninety-three. The first representative of the former 
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Flores. 

The second subgroup, com- 
prising the species with from sixty-one to ninety-three 
scales round the body, includes the Malay python 
(P. veticulatus), with from sixty-nine to seventy-nine 
scales in a row, and four upper labials with pits. This 
species, which ranges from Burma and the Nicobar 
Islands to the Malay region and Siam, is one of the 
largest of the genus, occasionally reaching 30 feet in 
length. In colour it is hght yellowishor brown above, 
ornamented with large circular rhomboidal or X-shaped 
dark markings, while the head has a median blac kline, 
and the under parts are yellowish, with small brown 
spots on the sides. It is, however, subject to consider- 
able variation, a specimen from Siam, formerly in the 
London Zoological Gardens, showing bright yellow lines 
on the sides. Young specimens show three longitudinal 
rows of light spots with black edges along the back. 

Somewhat smaller is the South African python 
(P. seb@), of Tropical and Southern Africa, which 
attains a length of 23 feet, and has from eighty-one to 
ninety-three scales in a row on the thickest part of 
the body, and only two of the labial shields pitted. 
This species occurs typically in Western Africa, and it 
was long considered that the South African python, 
or Natal rock-snake, was distinct. Its colour is pale 
brown above, with dark brown, black-edged, and 
more or less wavy cross-bars, usually connected by an 
interrupted or continuous dark stripe running along 
each side of the back, while the sides are marked with 
large black spots and small dots. On the top of the 
head is a large triangular dark brown blotch, bordered 
on each side by a light stripe, beginning above the 
nostril at the end of the muzzle and passing above 
the eye; and there is a dark stripe on each side of the 
head, and a somewhat triangular blotch beneath each 
eye. The upper surface of the tail has a longitudinal 
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light stripe, bordered on 
each side by a dark one; 
and the under parts are 
spotted and dotted with 
dark brown. 

In. India, Ceylon, the 
south of China, the Malay 
Peninsula, and Java the 
last-named species is re- 
placed by the Indian 
python (P. molurus), which 
agrees with P. sebe in 
having only two of the 
labial shields pitted, but 
differs in that there are 
from sixty-one to seventy- 
five scales in a row, and 
likewise in that the rostral 
shield is broader than long, 
instead of with these two 
diameters equal. In colour 
this python is_ greyish 
brown or yellowish above, 
with a series of large, elon- 
gated, squared, reddish 
brown, black-edged spots 
down the middle of the 
back, flanked by a series 
of smaller ones. 

The head and nape of 
the neck show a character- 
istic spear-shaped brown 
mark, a brown band runs 
on each side of the head 
through the eye, and there is a vertical one of this 
colour beneath the latter. The under parts are 
yellowish, with the sides spotted with brown. Known 
in India by the name of adjiga, this python ranges 
through peninsular India, Rajputana, and Bengal to 
the foot of the Himalaya, and is not uncommon, 
although in Ceylon, the Malay Peninsula, and Java 
itis rare. It does not commonly exceed about 12 feet 
in length. 

Three other species of the genus torm the second 
main group, in which there are less than fifty pairs of 
shields on the lower surface of the tail; the number 
of shields in a row at the thickest part of the body 
varying from fifty-three to sixty-three, and none of 


the species being of very large size. The best known 
of the three is the royal python (P. vegiws), of Sene- 
gambia and Sierra Leone; the other two being the 


rare Anchieta’s python (P. anchiete), of Benguela, and 
the Sumatran python (P. curtus), the latter easily 
recognisable by the large amount of red in its colouring. 


OTHER PYTHONS 

The Pythonineé are represented by six other genera, 
which demand merely a brief reference ; the first three 
of those agreeing with the typical genus in the presence 
of teeth in the premaxillary bones, while in the 
remainder that portion of the upper jaw is toothless. 
From the typical pythons the first three genera may be 
distinguished by the tail being but very slightly, if at 
all, prehensile, ‘and by the rostral shield of the head 
being either devoid of pits, or with only very shallow 
ones. 

The first genus, Lovocemus, as represented by a sing! 
comparatively small Mexican species, L. bicolor, h 
no pits in the labial shields, no loreal shield, and t 
nostril situated in a single nasal shield. Nardoa I 
of New Ireland, alone represents the second genu 
and may be distinguished by the presence of pits in 
the lower labial shields, and by the laterally-placed 


INDIAN PYTHON CRUSHING ITS PREY 


nostril being situated between two nasal shields. On 
the other hand, the third genus, Lzaszs, is represented 
by several species, ranging from Flores and Timor to 
Papua and the north of Australia, and may be dis- 
tinguished from the second by the nostril being placed 
more superiorly in a half-divided nasal shield. Finally, 
three genera in which the anterior jawbones, or pre- 
maxille, are toothless are Chondropython, with one 
Papuan species, Aspidites, represented by two species 
from the north of Australia, and Calabaria, with a 
single West African representative. 

The interest attaching to these snakes is the connec- 
tion which they form between the pythons and the 
boas. Thus while the two first differ from typical 
pythons and resemble boas in the presence of teeth on 
the palate, the second and third likewise agree with 
the latter in having the shields on the lower surface of 
the tail mostly or entirely single ; the tail itself being 
but slightly, if at all, prehensile. 

TREE-BOAS 
The tree-boas of Tropical America may be taken as 
he first examples of the second subfamily, Boine, of the 
issemblige of snakes under consideration. The members 

{ this subfamily are distinguished from the preceding 
2TOUY ely by the absence of a supraorbital bone on 
the 1 r surface of the skull above the socket of each 

hey further differ from all the pythons, with 

t xception of two of the three genera last mentioned, 
ing teeth on the palate ; and, with the exception 

he three connecting genera, in the absence of teeth 

he anterior upper jawbones, or premaxill#. The 
‘oas and their allies further differ from the typical 
»ythons in-having the shields on the lower surface of 
the tail for the-most part single, thereby agreeing with 
the genera Aspidites and Calabaria ind thus showing 
that the small group to which the two latter belong 
forms such a close connection between pythons and 
boas as to preclude their reference to separate families, 
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TREE-BOAS 


In common with the majority of the ° Se eae ie 


thirteen genera into which the subfamily 
is divided, tree-boas are characterised by 
having the head distinctly defined from 
the neck, and the tail more or less pre- 
hensile. They are specially distinguished 
by the anterior teeth being much larger 
than the- hind ones, by the smooth 
scales of the body, the presence of shields 
on the head, and by the labial shields 
being either devoid of pits or with shallow | 
ones only. In form the body is more 
or less compressed, and the tail either 
moderate or long; the eye is of medium , 
size with a vertical pupil, and the shields 
on the head may be either small and 
irregular or large and symmetrical. 

These snakes are represented by about 
mine species, the largest of which is the 
pale-headed tree-boa (Epicrates angulifer) 
of Cuba, attaining a length of about 7 feet ; 
another well-known species being the 
streaked tree-boa (E. siviatus), from San ; 
Domingo and the Bahamas. A third kind 
is the thick-necked tree-boa (E. cenchris), 
ranging from Costa Rica to the northern 
districts of Peru and Brazil. The 
streaked species, which attains a length 
of about 5 feet, is either pale brown above 
with dark olive brown spots separated by 


aarrow intervals from one another, or: 
brown with wavy or zigzag yellowish 
cross-bands, not infrequently margined 


with blackish brown. Each side of the! _ 
head usually has a more or less distinct ~~ 
streak behind the eye; while the under 
parts are pale olive or yellowish, more or less spotted 
with brown or black. 

Closely allied to the last, the five species of the genus 
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DOG-HEADED TREE-BOA 


Corallus are distinguished by having deep pits in the 


labial shields of both the upper and lower lips. The 
body is compressed, with small smooth scales, and the 
prehensile tail is either short or 
more or less elongated. The 
ye } members of this genus have a 
/ somewhat remarkable geograph- 
ical distribution, four of them 
being inhabitants of Tropical 
America, while the fifth (C. 
madagascariensis), which is dis- 
tinguished from the rest by the 
shortness of its tail, is restricted 
to Madagascar. The dog-headed 
tree-boa (C. caninus), a native 
of the Guianas and _ Brazil, 
which usually attains a length 
of some 5 feet, although it may 
be considerably larger, belongs to 
a group of two American species 


distinguished from the other 
kinds inhabiting the same 
countries by the relatively 


shorter tail, with only from 
sixty-four to eighty-two shields 
onits inferior surface; whereas in 
the true tree-boa (C. hortulanus) 
and another species there are at 
least a hundred of these shields. 

The dog-headed species is 
specially characterised by the 
scales being arranged in sixty- 
one or seventy-one rows, and 
by the number of shields on the 
under surface of the body ranging 
from one hundred and eighty- 
two to two hundred and nineteen, 
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while those on the tail vary from sixty-four to seventy- 
nine. In colour this snake is decidedly handsome, the 
upper parts of the adult being bright green, ornamented 
with irregular spots and cross-bars of white, and the 
under parts bright yellow. In the young the ground- 
colour is yellowish, and the white markings are edged 
with dark green or purplish black. 

Most abundant in the neighbourhood of the Amazons, 
this species becomes more rare in Guiana, while south- 
wards it likewise diminishes in numbers in lower Brazil. 
Feeding principally upon birds, the dog-headed boa 
is an excellent swimmer, and has been observed 
swimming both in the Rio Negro and in the salt water 
of the harbour of Rio de Janeiro. Although it fre- 
quently visits the 
huts of the Brazilian 
negroes in search of 
prey, it does not 
appear that this 
snake ever volun- 
tarily attacks 
human beings. If, 
however, it be 
driven to bay and 
unable to escape, it 
is capable of inflict- 
ing very severe bites 
with its long front 
teeth, such wounds 
being difficult to 
neal. 

A third genus of 
tree-boas (Enygrus) 
is distinguished 
from both the pre- 


having distinct 
keels; the labial 
shields of the head 
being devoid of pits, 
and the tail short 
and prehensile, with 
a single row of 
shields on its in- 
ferior surface. This 
genus 1s represented 
by four species, in 
habiting the Mo 
luceas, the Papuan 
region, and Poly 
nesia. 


THE ANACONDA 

The gigantic ana- 
conda (Lkunectes 
murinus), the sole 
representative of its 
genus, is the typical 
member of a group 
of several genera 
distinguished from the tree-boas by the teeth gradually 
Jecreasing in size from the front to the back of the jaws 
without any marked enlargement of those in the fore 
part. Merely mentioning the allied Tropical American 
genera Tvachyboa, Ungalia, and Ungaliophis, the first 
and last of which are each represented only by a single 
species, it may be observed that the anaconda is 
specially distinguished a genus by the large size of 
the rostral shield of the d, behind which one pair of 
the nasals come in contact with one another in the 
middle line, and also bythe very smallsize of the smooth 
scales of the body. The head is markedly distinct frori 
the neck ; the nostrils are directed upwards and plac :d 
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between three pairs of nasal shields, of which the hind- 
most are those which meet in the middle line; the 
small eye has the pupil vertical, the body is cylindrical, 
and the tail is short and slightly prehensile, with a 
single row of shields inferiorly. 

In colour the anaconda is greyish brown or olive 
above, with either one or two series of large blackish 
transverse spots, and a single or double row of lateral 
eye-like spots having whitish centres and_ blackish 
rims. The upper part of the head is dark, and 
divided by a black streak terminating in a point on 
the muzzle from the hghter cheeks; another oblique 
black streak runs on each side behind the eye, and 
the under parts are whitish with blackish spots. 

The anaconda, 
which is a native 
of the Guianas, 
3razil, and North- 
Eastern Peru, is 
essentially an in- 
habitant of the 
tropical forest 
region. That it is 
the largest of all 
living snakes there 
can be little doubt, 
but the precise limits 
of size to which it 
may occasionally 
attain cannot be 
ascertained. A 
stuffed example in 
the British Museum 
has a total length 
of 29 feet, and the 
species is commonly 
stated to -reach 33 
feet; while,if recent 
reports are to be 
trusted, individuals 
of much larger size 
are occasionally met 
with. Although 
many naturalists 
are inc sposed to 
credit the existence 
of monsters of* 40 
feet or more, it is 
difficult to share 
their incredulity, as 
itis improbable that 
the largest speci- 
mens have come 
under European 
observation. 

From all accounts 
it appears that the 
anaconda generally 
spends much more 
of its time in water 
than on land, frequently floating dawn rivers with the 
current, and at other times lurking in quiet pools with 
only its head raised above thesurface. In such situations, 
or resting on rocks, stranded tree-trunks, or sandbanks, 
it lies in wait for its prey. It, however, frequently 
leaves the water to pass a longer or shorter period on 
shore, when it may be found either in trees, among 
rock or even on hot sand ; and it appears that when 
in a tree this snake will often dart down its head from a 
considerable height to seize a passing peccary or other 
animal. Mr. Bates mentions that the anaconda will 
occasionally seize human beings, and this statement is 
fully confirmed by other observers' 
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AGAMA, HORNED VIPER, /AND SACRED BEETLES 
with a sideways motion, unlike that of any other serpent; and as it will *k 
can snake, men frequently dying from its bite within half Perea 


0 attack, the horned viper moves rapidly forward 


“When about t : 
the horned viper is more dreaded than any other North |Afri 


quite unprovoked, 


Chameeleons stand altogether apart from lizards, not only as regard 


independently of the other, in the enormous extensibility and pr 


pir 
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anatomical structure, but likewise in their power of moving one eye 


ower of their tongues, and in their slow and deliberate movements.”’ 


RAT-SNAKE AND COBRAS 


Common everywhere in India, and feeding on mammals, birds, and frogs, the rat/snake derives its name from its habit of entering houses in search 
of rats and mice, Like all its allies, it is fierce and always ready to bite, and old specimens brought te Europe never become tame,”” 
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BOAS 


In Brazil, where water is abundant throughout the 
year, the anaconda is active at all seasons, although it 
is stated to display the most activity during the hot 
months of December, January, and February. 

In other districts, however, during the dry season, it 
is in the habit of burying itself deep in the mud of the 
dried-up rivers, where it is sometimes disinterred by 
the natives in a torpid condition. Very little is known 
with regard to the breeding habits of the anaconda, but 
as females have several times been killed containing eggs 
with embryos far advanced inside them, it would seem 
that the young are born alive. When they first make 
their appearance in the world, the young are reported 
to take to the water, although they soon leave it to pass 
a large portion of their time in trees (page 18), 


BOAS 


Long supposed to be exclusively a Tropical and South 
American group, the boas (genus Boa) are now known to 
be common to the hotter regions of America and Mada- 
gascar. From the anaconda, typical boas may be disting- 
uished by all the 
pairs of nasalshields 
being separated 
from one another in 
the middle line by 
small scales. The 
body may be either 
cylindrical or 
slightly compressed, 
and the short and 
more or less pre- 
hensile tail may 
have either the 
whole or a portion 
of the shields on its 
HOWie Tens Ubiat aiGie 
arranged in a single 
series. In America 
the genus is repre- 
Scntedass varmtiawe 
species, two of which 
range so far south 
as the inland dis- 
dicts OL = Upper 
Argentina. 

Allthe species aie 
characterised by 
having the loreal 


bars ; and on the tail all the markings become relatively 
larger, of a brick-red colour, margined with black, and 
separated by yellowish intervals. From the muzzle 
to the nape runs a dark brown median streak, widening 
posterioi ly, where it may be looped ; another bar of the 
same colour passes on each side of the head through the 
eye, there is a third bar below the latter, and the lips 
are marked by short bars; the rostral shield of the 
snout being also ornamented with a crescentic blackish 
mark, The under parts are yellowish, with spots and 
dots, or’ merely dots, of black. The whole tone of 
colouring is dull, sombre, and adapted to harmonise 
with the shades of brown, black, and yellow on the bark 
of tropical forest trees. 

Could we see the boa during the night in the depths of 
its native forests—at which time alone it is thoroughly 
active—we should doubtless obtain a very different 
idea of the creature than that gathered from an 
inspection in the daytime of the lethargic specimens in 
menageries. Lying coiled on the branch of some large 
tree, with its head projecting ready to be darted on its 
prey with the rap- 
idity of lightning, 
the boa is generally 
unobserved by the 
passing traveller, 
unless it happens 
to make a dart at 
an unfortunate dog 


belonging to _ his 
party. Feeding 
generally on such 
mammals as agutis, 
pacas, rats, and 
mice, which are 
destroyed in the 


manner which has 
given rise to its 
trivial name, the 
boa, when it attains 
unusually large 
dimensions, is also 
capable of killing 
deer and large dogs ; 
while it is always 
ready for such birds 
as it can capture, 
and does not dis- 
dain, when in cap- 


region of the head 
covered either with 
a single small shield or with small scales, and by the 
number of rows of shields on the under surface of the 
tail ranging from forty-five to sixty-nine. On the other 
hand, in the Malagasy boas (B. madagascariensis and 
B. dumerili) there are several shields on this particular 
region of the head, and the number of rows of shields 
beneath the tail is only from twenty to forty-one. 

The best-known representative of the genus is the 
typical boa, or boa-constrictor (B. constrictor), which 
ranges in South America from Venezuela to Upper 
Argentina. At times reaching as much as 12 feet in 
length, it has the muzzle slightly prominent in the adult, 
although obliquely truncated in the immature state. 
In general colour it is pale brown on the upper parts, 
with from fifteen to twenty dark brown cross-bars, 
which expand inferiorly, sometimes to such an extent 
as to become connected on the sides of the body, and 
thus to surround oval or elliptical spots of the light 
ground-colour; the expanded portion of each bar 
having a light longitudinal line. 

On the sides is a series of large lighs-centred dark 
brown spots, most of which alternate with the cross- 


tivity, a meal of 
eggs. Thestories of 
its killing adult human beings and horses are, however, 
mere fabrications. 

Nothing seems to be known of the breeding habits 
of this snake and its kindred in a wild state ; but from 
observations made on specimens in captivity, it appears 
that the eggs are generally hatched within the body of 
the parent, although one instance is on record where 
young and eggs were produced simultaneously. To 
European palates, snakes would probably be highly 
unacceptable as food, however temptingly they might 
be dressed ; but in eastern South America the flesh of 
the boa-constrictor is regarded as a most dainty dish, 
while its fat is reputed to be highly efficacious in the 
healing of various diseases. The skin is used to orna- 
ment saddles and bridles, and for other decorative 
purposes. None of the other members of the genus 
attains dimensions equal to those of the boa-constrictor, 
the Malagasy species being the smallest of all. 


KEEL-SCALED BOA 


The last representative of the section of the sub- 
family in which the head is well defined from the neck, 
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and the tail more or less prehensile, is the keel-scaled 
boa (Casavea dussumierr), of Round Island, near 
Mauritius, distinguished as a genus by the keeling of 
the scales, and the long tail ; its other general characters 
being similar to those of the typical boas, except that 
the nasal shields of the head are separated by a pair 
of internasals. This snake, which attains a length of 
about 4 feet, and has a prominent and obliquely 
truncated muzzle, is either uniform pale brown above, 
or brown with two dark stripes and a lateral series of 
small spots down the body, a dark streak on each side 
of the head through the eye, and the under parts either 
plain yellow or yellow spotted with black, the under 
side of the tail always having such spots. 


SAND-SNAKES 


The snakes of the genus Eryx, together with those 
of three allied genera, which constitute the remaining 
members of the family, may be distinguished at a 
glance from the boas and their allies by the gradual 
passage of the head into the body without any con- 
striction at the neck, and are further characterised by 
the tail being, at most, 
only slightly prehen- 
sile. From their allies 
sand-snakes are dis- 
tinguished by the 
small scales being 
either smooth orsingly 
keeled, and by the 
head being covered 
with small shields, of 
which the rostral is 
enlarged. The eye is 
small, and sometimes 
minute, with a ver- 
tical pupil, the body 
cylindrical, and the 
very short tail, which 
is frequently without 
any power of prehen- 
sion, has a single row 
of shields on its lower 
surface. Thesesnakes 
are represented by 
seven species, with a 
geographical _ distri- 
bution including 
Northern and Eastern 
Africa and Southern 
and Central Asia, as 
well as a part of the extreme south-west of Europe. 

The best-known species is the Egyptian sand-snake 
(Eryx jaculus), which has a length of about 2 feet, 
and is an inhabitant of the Ionian Islands, Greece, 
South-Western and Central Asia, and the north of 
Africa. In colour it is very variable, the upper parts 
being in some examples pale greyish,- reddish, or 
yellowish brown, ornamented either with dark brown 
or blackish transverse blotches or alternating spots, 
although in other cases the general colour is brown with 
pale spots. A dark streak runs from each eye to the 
angle of the mouth, the under parts are either uniform 
white, or white with blackish dots, and there is a more 
or less distinct dark streak along each side of the tail. 

This species is exceeded in size by the Indian sand- 
snake (£. johnz), which attains a length of over a yard, 
and inhabits the plains of North-Western, Central, 
and Southern India. This snake is generally banded, 
but the young may be of a uniform pale coral-red 
colour. Although resembling boas in being nocturnal, 
sand-snakes are quite different in their mode of life, 
inhabiting open sandy plains, and feeding on small 
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mammals, lizards, and worms. In search of their prey, 
they frequently enter holes and crevices among rocks, 
and they will also burrow in the sand. They are 
perfectly harmless, and generally make no attempt 
to bite, but are somewhat unsatisfactory reptiles in 
captivity, owing to their habit of lying concealed 
among the gravel of their cages, where, however, they 
illustrate the perfect harmo iy existing between their 
colouring and their desert surroundings. 

The Indian species is frequently carried about by 
snake-charmers, who are in the habit of mutilating the 
short tail so as to make it look like a head, from which 
arises the legend of two-headed snakes. A second 
Indian species, E. conicus, was formerly referred to a 
separate genus (Gongylophis), on account of having a 
series of keeled scales between the eyes. 

Of the remaining members of the family, Lichanura, 
with one Californian species, differs from the sand- 
snakes by the smaller size of the rostral shield ofthe 
head, which is longer than wide ; while Chavina, which 
is likewise Californian, has the head covered with large 
shields. On the other hand, Bolveria, as represented 

— by a single species 
from Round Island, 
near Mauritius, differs 
from all the other 
members of the group 
in having three or 
four keels on the 
scales, the muzzle be- 
ing covered with large 
shields. 


EXTINCT SNAKES 


One of the largest 
of all snakes is an 
extinct python (Gzg- 
antophis garstint), 
from the middle 
Eocene formation of 
the Fayum district 
, of Egypt, which ap- 

pears to have attained 
a length of about 
30 or 40- Jeet ta 
the Lower Eocene 
London Clay of Eur- 
ope occur remains of 
smaller but still gigan- 
tic snakes, which have 
been described under 
the name of Palg@ophis, and are represented by 
closely allied, if not generically identical forms in 
the corresponding strata of North America. In 
these snakes the vertebre differ from those of 
pythons by the much greater height of the upper or 
neural spine, which has not the backwardly-directed 
process: at its summit characterising modern pythons. 
From the shape of these vertebre it is evident that 
these snakes had compressed bodies like modern sea- 
snakes, while from the nature of the deposits in which 
their remains occur, there can be little doubt that they 
were marine. Whether they were allied to the pythons 
and boas may be doubtful, but in any case it is prob- 
able that they indicate a separate family. 

A still larger marine snake (Pterosphenus schwein- 
forthi) has left its remains in the lower Eocene of 
Egypt, and species of the same genus also occur in the 
North American Eocene. In both cases these snakes 
are associated with remains of the whale-like zeuglo- 
donts, which at that period abounded in the ocean, 
where they represented the toothed whales of 
modern times. } 
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A SREEING with pythons and boas in the retention of 

vestiges of the hind limbs, the small group of 
cylinder-snakes (I/ysitd@) appears to form a connecting- 
link between the two former and the under-mentioned 
family of shield-tailed snakes; their essential point of 
distinction from the Boide being that the supra- 
temporal bone of the skull is of small size, and included 
in the walls of the brain-case, instead of standing out 
as a support for the quadrate bone, which is much 
shorter than in boas and pythons. Teeth are present 
on the palate as well as in 
the jaws; and the vestiges of 
the hind lmbs usually take 
the form of a spur on each 
side of the vent. In general 
appearance and in the ar- 
rangement of thescaling these 
snakes approximate to the 
boas; while as regards the 
structure of the skull they are 
intermediate between the lat- 
terandthenextfamily. The 
distribution of the group is re- 
markable, being restricted to 
Ceylon and South-Eastern 
Asia in the Eastern, and to 
Tropical America in the 
Western Hemisphere. Three _ . 
genera, of which two have one + @: 
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movements, and never wanders far from its retreat, 
which is situated under the roots of a tree or in a hole 
or cleft in the ground. It feeds on insects and blind- 
snakes, and produces living young. 

The true cylinder-snakes, as typically represented 
by the red snake (Cylindrophis vufus), differ from the 
coral-snake by the absence of teeth in the anterior 
upper jawbones, and likewise by the eye not being 
included in any of the head-shields. This genus, 
which has three representatives, is distributed over 
Ceylon and South-Eastern 
Asia to the eastwards of the 
Bay of Bengal; the common 
red snake ranging from 
Burma and  Cochin-China 
to the Malay region. This 
snake, which attains a 
length of about 24 feet, 
is either brown or black 
above, with or without light 
alternating cross-bars, the 
under parts being either 
white with black transverse 
bars or spots, or black 
with white bands, and the 
under surface of the tail 
brilliant vermilion. 

All the snakes of this 
genus are burrowing reptiles, 
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species, while the third has ‘ 
three, represent the family. 
The single representative of the typical genus of the 
family is the beautiful coral-snake~(I/ysia_ scytale), 
inhabiting the Guianas and Upper Amazonia, and 
attaining a length of something over 23 feet. . The 
distinctive features of the genus are the presence of 
two teeth in the anterior upper jawbones, or , pre- 
maxille, and the situation of the eye in the middle of 
an ocular shield. The colour is a splendid coral-red, 
ornamented with black rings, or incomplete ring-like 
black bands. From the little that is known concerning 
its habits it appears that this snake is sluggish in its 
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seldom showing themselves 
above the surface of the 
ground, and feeding on insects, worms, and the smaller 
mammals. 

In common with their allies, they have the body 
covered with polished, rounded scales, which (in con- 
formity with their burrowing habits) are scarcely larger 
on the lower than on the upper aspect, although 
becoming wider on the inferior surface of the tail. 

The third genus of the group Anomalochilus, 
represented by a single species from Sumatra, differs 
from Cylindrophis by the absence of a groove on the, 
chin. 


SNAKE 


SHIELD-TAILS 


TH snakes of the family Urcpeltide agree with 

boas and pythons in the structure of the lower jaw, 
but are sharply distinguished by the loss of all traces of 
the limbs, and likewise by the complete disappearance 
of the supratemporal bone in the skull. They have 
been regarded as specially modified direct descendants 
of the Ilystide. The skull is re- ; 
markable for the firm union of its 
constituent bones; and although 
both jaws are toothed, the teeth are 
small and feeble. and very rarely 
present on the palate. 

Externally these snakes are char- 
acterised by their cylindrical bodies, 
short, narrow heads, passing im- 
perceptibly into the neck, and the 
extremely short, truncated, or | E 
slightly tapering tail, which gen- | aes Sem" 
erally ends in a rough, naked disc, 
although in one genus it is covered 
with keeled scales. On the body the scales are small 
and polished, those on the lower surface being always 
somewhat larger than those above; the eye is 
minute, and the cleft of the mouth comparatively small, 
and incapable of much dilatation. .These snakes are 
represented by seven genera, some of which comprise 
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a large number of species, and are restricted to Ceylon 
and the mountains of Peninsular India. 

All shield-tails'are purely burrowing reptiles, generally 
living in soft earth at a depth of several feet below 
the surface, and consequently seldom seen unless 
specially searched for. They are, however, frequently 

. : - dug up in the cultivation of tea and 
| coffee plantations, and may be found 
' beneath logs and stones. On the 
' mountains these earth-snakes, as 
| they are frequently called, may 
be met with in the open grass- 
| lands, and during the rainy season 
| not infrequently leave their burrows 
to travel some distance on the 
| surface. 

Of relatively small size, many of 
them are beautifully coloured with 
red and yellow, while those that are 
black display an iridescence like that 
of some of the smooth-scaled skinks among the lizards. 
The food of these reptiles appears to consist solely of 
earth-worms, and the eggs are hatched before quitting 
the body of the parent. Curiously enough, these snakes 
burrow by means of their abruptly truncated tails, 
instead of with their muzzles. 
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COLUBRINE SNAKES 


HE skulls of all the remaining groups of snakes are 
markedly distinguished from. those of the preceding 
families by the total absence in the lower jaw of the bone 
known as the coronoid ; while in all cases a supratem- 
poral bone is present on the upper surface of the skull. 
The present family, Colubyid@, which includes by far 
the great majority of the species of the suborder, and 
comprises both harmless and noxious kinds, is specially 
distinguished from those to be mentioned later by 
the circumstance that in the skull the upper jawbone, 
or maxilla, is fixed in a horizontal position, and also 
that the pterygoids reach either to the quadrate-bone 
or the lower jaw. 

Before discussing the colubrine family, it should, 
howeeer, be mentioned that there is one remarkable 
snake, Xenopeltis wnicolory, from South-Eastern Asia, 
which retains in the structure of its skull traces of 
affinities with the boas and pythons. This affinity is 
displayed by the fact that the prefrontal bone, which 
lies immediately behind the nasal aperture of each side, 
is of large size, and extends forwards and inwards to 
articulate with the nasal bone in the same manner as 
in the boas. Accordingly, this snake is regarded as the 
representative of a distinct family, Xenopeltic d@, which 
is considered to have originated from the Boitde 
independently of the colubrines. 

From Xenopeltis the colubrines are distinguished by 
the small size of the prefrontal bone of each side, which 
articulates merely to the outer front angle of the frontal 
bone without having any contact with the nasal bone. 

In such a large group it is highly important to have 
some means of division into subgroups of higher value 
than genera ; and, according to the modern classifica- 
tion, three such serial divisions may be indicated by 
the characters of the teeth. The first and most 
primitive of these series, which may be termed the 
solid-toothed colubrines (Aglypha), is characterised by 
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the whole of the teeth being solid, without any trace 
of grooves; all its representatives are harmless. On 
the other hand, in the second series, or hind-fanged 
colubrines (Opisthoglypha), one or more of the hinder 
teeth of the upper jaw is grooved; while in the third 
series, or front-fanged colubrines (Proterogly pha), the 
front teeth of the upper jaw are grooved or tubular. 
Of the last series the whole of the members are 
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poisonous, while many of those of the second are noxious 
in a minor degree. All three sections contain species 
adapted to particular modes of life, so that there may 
be two or three snakes which, although externally very 
similar, are only distantly allied to one another. 


THE WART-SNAKE 


The wart-snake (Acrochordus javanicus) may be 
taken as a well-known representative of the first sub- 
family, Acrochordine, of the solid-toothed colubrines, 
which includes five genera, distributed over South- 
Eastern Asia and Central America. Unfortunately, 
the characters distinguishing this subfamily from the 
next are connected with the bones of the skull, and 
cannot therefore be verified without dissection, but in 
the study of snakes, according to the modern system, 
the student must accustom himself to such difficulties. 
The essential feature of the skull in the present group 
is the production of the postfrontal bone above the 
cavity of the eye ; but, as a secondary feature, the scales 
of the body overlap one another only slightly, if at all. 

The wart-snake, the sole representative of its genus, 
is characterised by the absence of lower shields, by 
the head being covered with uniform granules, and 
by the very slight compression of the’ body. -.The head 
is rather short and broad, with the muzzle wider than 
long, and the small eyes directed forwards, while the 
nostrils are placed close together on the tip of the 
muzzle. The nearly cylindrical tail is short. and 
prehensile. The colour is brown above and yellowish 
on the sides; the young having large irregular dark 
brown spots, which coalesce into bands on the back 


and gradually tend to disappear in the adult. In size 
this snake may measure upwards of 8 feet. It is 
and New 


distributed over the Malay Peninsula, ada 
Guinea; and, although it has been statéd to be terres- 
trial, modern observations indicate that it is essentially 
aquatic, seldom even leaving the 
water, where it feeds on fishes and 
frogs. A female in the possession of 
Dr. Cantor gave birth to twenty- 
seven young. ones in Jess than half 
an hour, w hich were active and bit 
fiercely as soon as they came into 
the world. 
An allied 
the single 


genus, represented by 
species, Chersydrus granu- 
latus, ranging from Southern India 
to New Guinea, differs by the 
marked compression of the body 
and tail, and thus closely resembles 
the sea-snakes of the front-fanged 
series of the family, and likewise 
resembles them in habits, frequent- 
ing the mouths of rivers and the 
coast from Southern India to New 


Guinea, and being often found far 
out at sea. It produces lhving 
young, and subsists on fish. <A third 


Oriental genus, likewise known by 
one species, Nenodermus javanicus, 
has large shields on the under 
surface. In the other two genera— 
Stoliczcaia from India, and Nothopsis from Central 
America—not only are large lower shields present, but 


the granules on the head are replaced by large shields. 


WATER-SNAKES 


The large group of water-snakes (Tvopidonotus) forms 
the first representatives of the second and by far the 
largest subfamily of the solid-toothed colubrines, known 
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as the Colubrine, and distinguished from the preceding 
group by the supratemporal bone not being produced 
over the region above the socket of the eye; as well 
as by the scales usually overlapping one another and 
the teeth being present throughout the entire length 
of the upper and lower jaws. The water-snakes belong 


to a large assemblage of genera of the subfamily 


y 


GARTER-SNAKE 


characterised by the circumstance that in the skeleton 
inferior projections or spines are. present throughout 
the length of the backbone, the vertebre in the 
hind region of the body having these spines represented 
by more or less well-developed crests or tubercles. 

'From their allies, water-snakes are distinguished by 
having the hinder upper teeth larger than those in front, 
the equality in the size of the lower teeth, the rather 
large size of the eye, in which the pupil is round, the 
presence of a pair of internasal shields between the 
nostrils, the regular longitudinal series formed by the 
scales throughout the body, and by the teeth in each 
hind upper jawbone varying in number from eighteen 
to forty and forming a continuous series. 

Represented by over forty species, the water-snakes 
have an almost cosmopolitan distribution, although 
they are unknown in South America, and in Africa south 
of the Sahara are less abundant than in other regions, 
and in Australia they occur only in the northern 


districts. Dr. A. Giinther writes that the typical 
water-snakes “‘ are easily recognised by their stoutish 
cylindrical body, keeled scales, flat head covered 


with regular shields, wide cleft of the mouth, and 
numerous teeth, the strongest of which are at the 
hinder end of the maxillary bone. They frequent the 
neighbourhood of fresh water, and feed on aquatic 
animals—frogs, toads, and fishes. They do not 
overpower or kill their prey by throwing a coil of 
the body round it, but, having seized it, they at once 
begin to swallow it. They are excellent swimmers, 
but more frequently live near water than ibn ake in 
agreement with which habit the position of their 
nostrils is not on the upper surface of the head, as in 
the true fresh-water snakes, but on the side.” 


RINGED SNAKE 
The best known and at the same time the typical 
representative of the group is the common ringed snake 
(Tropidonotus natrix), inhabiting Europe, Algeria, 
and West and Central Asia, and attaining a maximum 


length of 6} feet. Belonging to a group of the genus 
in which the number of teeth in the hind upper jawbone 
does not exceed thirty, this snake has a single anterior 
temporal shield on the head, usually seven upper 
labial shields, of which the third and fourth enter the 
aperture of the eye, and from one hundred and fifty- 
seven to one hundred and ninety shields on the lower 
surface of the body. The eye is of 
- moderate size, and most of the scales 
- are strongly keeled. 
_ The colour is usually grey, olive, or 
brown above, with spots or narrow trans- 
verse bands; the labial shields being 
white or yellowish, with their dividing 
lines black, while the under parts are 
mottled black and white, or grey. There 
are, however, several variations as regards 
the colouring of the neck. In the 
ordinary race, for instance, there is a 
white, yellow, or orange collar, usually 
divided in the middle, behind which is a 
broad black collar ; the latter being some- 
times alone present. In another race, 
mostly from the south of Europe, the 
collar is altogether wanting, or reduced 
to a small black patch on each side of the 
nape ; whilein the south-eastern race the 
collar, although well marked, is divided 
in the middle, and there isa yellowish 
streak along each side of the back. 
In England the ringed snake is one 
Photo, C. R. Waite, Of the most common reptiles, inhabit- 
ing woods, heaths, and hedges, especi- 
ally where water is abundant. Although its chief 
food consists of frogs, it also preys upon field-mice, 
young birds, and fishes, and is stated occasionally 
to consume eggs. When a frog is pursued by one of 
these snakes, it seems paralysed with fear, and, instead 
of making any effort to escape, sits still and gives vent 
to a piercing scream, sometimes also heard when 
one of these amphibians is trodden upon. Generally 
the frog is seized by the hind leg, and gradually swal- 
lowed by the snake without its position being changed. 

On this point Professor T. Bell observes that “s~vhen 
a frog is in the process of. being swallowed in. this 
manner, aS soon as the snake’s jaws have reached the 
body, the other hind leg becomes turned, forwards, 
and as the body gradually disappears, the three legs 
and head are seen standing forwards out of the snake’s 
mouth in a very singular manner. Should the snake, 
however, have taken the frog by the middle of the body, 
it invariably turns it by several movements of the jaws, 
until the head is directed towards the throat of the 
snake, and it is then swallowed head-foremost.’’ 

As a rule, the frog remains alive during the swallow- 
ing process, and it may sometimes be heard to croak 
when buried in the stomach of its captor, while in- 
stances are on record where a frog has returned after 
being thus entombed. When swimming, the ringed 
snake carries its head and neck raised above the surface 
of the water. The skin, as in the case of other serpents, 
is shed several times during the year, and is drawn off 
turned inside-out, so that the lenses covering the eyes 
appear concave instead of convex. Previous to chang- 
ing its coat the reptile becomes almost if not com- 
pletely blind, and evidently ill at ease, and the change 
is accomplished by the old skin bursting at the neck, 
and being gradually pulled off by the owner wriggling 
its body between brushwood or dense herbage. 

From about sixteen to twenty eggs are annually 
deposited by the female of the ringed snake, these 
being attached together by a viscid substance. Although 
they are sometimes hatched solely by the heat of the 
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sun, at other times the process of development is 
hastened by their being placedina heap of decaying 
vegetable matter or manure. When the cold of-autumn 
makes itself felt, these snakes retire for the winter, 
passing their time in a state of torpor ensconced in 
holes in hedge-banks, under the roots of trees, or some 
such place, where they remain till awakened by the 
returning warmth of spring. Not infrequently several 
snakes occupy the same hole for the winter, and occa- 
sionally a considerable number have been found coiled 
up together in a mass. 


TESSELATED AND VIPERINE SNAKES 

The ringed snake, as already mentioned, belongs to 
the typical section of the genus, in which the teeth of 
the maxilla, or. hind upper jawbone, do not exceed 
thirty in number, and are gradualiy enlarged towards 
the hind end of the series, while the eyes and nostrils 
are lateral, and the internasal shields broadly trun- 
cated in front. Of the second section, in which the 
number and characters of the teeth are similar, but the 
small eyes and nostrils are directed upwards and out- 
wards, and the internasal shields usually much 
narrowed in front, the tesselated snake (T. tesselatits) 
and the nearly allied viperine snake (I. vipevinus) 
may be taken as examples; both of these being found 
in Europe, although the former is a more southerly 
type than the latter, and extends eastwards into 
South-Western and Central Asia. 


The _ tesselated < 
snake, which never Lp Gen 
grows quiteso large \ ‘4 
as= the ringed. .=.AN\ Ba 
species, is olive or = se Xt oy 
olive grey above, = anes 


and may be either 225% 
uniformly coloured, “ 
or marked with 
dark spots, usually 
arranged quincun- 
cially, on the back. 
The nape of the 
neck is ornamented ss 
with a dark 
chevron ; the upper 


labial shields are 
yellowish, with dark 
lines of division 


between them, and 
the under parts are 
either yellow or 
red mottled and 
marbled with black, wo 
or almost wholly 
black. 

whe viperine 
snake is rather 
smaller, having the 
upper surface grey, 
biown, or reddish, 
with a zigzag black 
band down the back, and a row of yellow-centred 
black spots down each side. There is a more or 
less distinctly marked oblique dark band on each 
side of the top of the head, and another on the nape 
of the neck, but the labials and under parts are coloured 
like those of the tesselated snake. In general habits 
both these species are very similar to the ringed 
snake, but in spring they are more generally found 
concealed in pairs beneath stones, and only take to 
the water in summer. 

As other well-known North American representatives 
of the genus, reierence may be made to the garter-snake 


RINGED SNAKE 


(T. ordinatus) and moccasin-snake (T. fasciatus); the 
former belonging to the first, and the latter to the 
second section. As an example of the third section, 
in which the last two or three upper teeth are suddenly 
enlarged, the Indian two-banded snake (7. stolatus) 
may be mentioned. 


OBLIQUE-EYED SNAKES 


Among a large number of other generic types 
belonging to the present series, it must suffice to 
mention the genus containing the numerous species of 
oblique-eyed snakes (Helicops). Generally having 
smaller eyes than the water-snakes, the members of 
this genus are distinguished by possessing only a single 
internasal shield; while they are further characterised 
by the nostril being placed in a half-divided nasal 
shield, by the nearly equal size of the teeth of the lower 
jaw, and by the scales lacking the pits found in those of 
an allied genus. ‘There are from eighteen to twenty-five 
teeth in the maxilla, or hind upper jawbone; the head 
is, at most, but slightly distinct from the neck, the 
body cylindrical, the taif=which has two rows of shields 
beneath, of moderate length, and the scales are usually 
striated and keeled. The genus is represented by about 
eleven species, some of which are found in the New 
World, while others inhabit South-Eastern Asia, and 
others Tropical Africa. 

The keel-tailed snake (H. carinicauda), which 
inhabits Brazil, and attains a length of between 3 and 

4 feet, is characterised by having the scales 

on the back of the head smooth, and those 

on the body keeled and arranged in nine- 
teen rows, the frontal shields being nearly 
or quite as long as the parietals, while there 
are from one hundred and twenty-six to 
one hundred and fifty-five shields on the 
, lower surface of the body (page 1570). 
& 4 The general colour is dark olive 
se brown above, with four more_- or 
less distinctly defined blackish stripes, 
and a_ yellow stripe along the two 
lower rows of scales; on the under 
parts the ground-colour is yellow or red, 
with black spots or stripes on the body, 
and a black stripe on the tail. In the 
neighbourhood of the Rio Grande do Sul this 
species is one of 
the commonest of 
~__ snakes; and while 
~ =: its general habits 
> appear to be very 
—~ similar to those of 
—~.; the water-snakes, 
“= like all the other 
| members of its 
| xenus, it produces 
, uving young, 
| 


ae ; PIGMY SNAKES 
The pigmy 


snakes, although 
belonging tothe typicalsubfamily (Colubrine) of the solid- 
toothed series, differ from the preceding group in that 
inferior spines are developed only in the vertebre of 
the anterior half of the backbone, and are further 
characterised by the nasal bones being fully as large 
as the prefrontals. The members of the preceding 
group are more or less aquatic in their habits, but those 
of the present assemblage are terrestrial or arboreal. The 
pigmy snakes have the hind borders of the shields on the 
lower surtace of the body entire, the front lower teeth 
larger than the hinder ones, the eyes relatively small, 
and no internasal or temporal shields on the head 
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The head is not distinct from 
the neck, each nostril is pierced | 
in a very small nasal shield, | 
the body is cylindrical, with | 
the smooth scales arranged in 
thirteen rows, and there are 
two rows of shields on the 
lower aspect of the tail. 

These snakes, which are 
represented by about thirty 
species, have their headquarters 
in the islands of Java, Sumatra, 
and Borneo, and are all of 
small size, frequently not 
exceeding a foot in length. 
Most, or all of them, are in 
the habit of hiding themselves 
among stones, beneath fallen 
tree trunks, or in grass. Their 
small dimensions, together with 
the relatively narrow cleft of 
the mouth, and a want of 
dilatibility in the throat and 
body, indicate that they do 
not prey upon other reptiles. 
Gentle and harmless them- 
selves, these snakes are often 
attacked and killed by kraits 
and other venomous members 
of their own tribe. Calamaria 
linne? is the scientific name of 
the Javan species represented 
in the picture on page 1570. 


SMOOTH SNAKE 


The well-known European 
smooth snake (Coronella austriaca, or C. levis) 
represents a genus with about twenty known 


species ranging over Europe, Western Asia, Africa, 
and America, while one (C. brachyura) occurs in 
India. They belong to a group of genera in which 
the whole of the lower teeth are nearly equal in 
length, and are specially distinguished by the presence 
of from twelve to twenty teeth in the hind upper 
jawbone, which increase in size towards the back of 
the series. The head is short, and scarcely distinct 
from the neck; the eye being rather small, with a 
round pupil, and the head-shields normal. The body 
is cylindrical, and covered with smooth scales arranged 
in from fifteen to twenty-five rows, and furnished with 
pits at their tips ; the tailis of moderate length, and the 
shields on the inferior aspect of the body are rounded, 
with those beneath the tail arranged in a double series. 

The smooth snake, which attains a length of about 
25 inches, is very variable in colouring, but the ground- 
colour of the upper parts is generally brown. The most 
distinctive features are a large dark spot on the neck, 
often extending into a stripe, and two rows of dark 
brown spots arranged in pairs, and running down the 
body ; there is also a dark stripe passing through the 
eye and the side of the neck, while the under parts are 
either steely blue, or reddish yellow and white, in some 
cases spotted with black. 

This snake is found over the greater part of Europe, 
and is occasionally met with in some of the southern 
counties of England, more especially in the neighbour- 
hood of Ringwood, Hampshire, where, however, it is 
less common than formerly. Although now and then 
found in damp-or swampy localities, it frequents dry 
stony places where there is plenty of sunshine, reso ting 
sometimes to old stone bridges and heaps of building 
material. Like its congeners, this snake is chiefly 
terrestrial in its habits ; in disposition it is fierce, and 


AND RAT-SNAKE 


os - 


In the 


its prey consists of other snakes and lizards. 
end of August or beginning of September, the smooth- 
snake lays from three to thirteen eggs, which are so 
far developed that the included young almost immedi- 
ately break the shells and escape. 

As a third representative of the genus, the king-snake 
(C. getulus) may be mentioned. 


RAT-SNAKE GROUP 


Nearly allied to the last is the genus Zamenis of 
which the Indian rat-snake is a well-known example; this 
group having several South-European representatives, 
collectively known in Germany as Zornschlangen. From 
the members of the preceding genus these snakes may 
be distinguished by the more slender form of the body, 
and the presence on the head of one or more suboculars 
below the preocular shield ; while the arrangement of 
the longitudinal rows of scales in odd numbers different- 
iates them from an allied genus. The number of 
teeth in the maxilla, or hind upper jawbone, varies from 
twelve to twenty, and these increase in size towards 
the hind end of the-series ; the head is long and distinct 
from the neck, with the eye of moderate size or large, 
and its pupil round. The body is elongated and 
cylindrical, with the smooth orslightly keeled and pitted 
scales arranged in from fifteen to thirty-one rows. On 
the lower surface of the body the shields are rounded, 
or obtusely keeled on the sides ; and the long tail has 
two inferior rows of shields (page 1561). 

These snakes are represented by about twenty species, 
ranging over Europe, Asia, and Northern Africa ; 
several of them occurring on the Continent, although 
none is met with in the British Isles. Their head- 
quarters may be considered to be the countries sur- 
rounding the Mediterranean basin. Deriving their 
German name from the fierce and bold demeanour of 
the majority of their representatives, these snakes are 
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terrestrial or partially arboreal in their habits, and feed 
chiefly on small mammals and birds. Of the European 


forms, a well-known example is the dark green snake 
(Z. gemonensis), inhabiting Hungary and the Mediter- 
and extending so far 


ranean countries, north as the 


KEE if TAILED SNAKE 


south of Switzerland; in the east it is represented 
py a race known as the Balkan snake, which attains a 
larger size than the typical form. 

This snake is distinguished from its allies by the 
regular arrangement of the shields on the head, the 
presence of two preorbital shields, of which the lower 
one is small and placed in the line of the labials, and by 
the relative shortness of the tail, which scarcely reaches 
a fourth of the total length. The smooth scales are 
arranged in from seventeen to nineteen rows. The 
typical race may attain a length of about 4 feet, but is 
generally smaller. The ground-colour of nie head and 
nape is greyish yellow, of the back and tail greenish, 
and that of the under parts yellow. Upon this 
are black markings, irregular above, but forming 
regular ig ae bars infe riorly, and on the hind 
part of the body, arranged in longitudinal stripes 
which continue to the end of the tail. In some 
specimens, however, the ground-coleur of the 
upper parts is a bez autiful yellowish green, and 
on the lower surface canary yellow; in a third 

rariety the whole upper surface is uniform olive 
brown, and in some cases it is completely black, 
the under surface of the body being grey, with 
a steely blue lustre on the sides and the whole 
of the under parts. 

This snake is very abundant in Italy, and may 
be met with in most gardens in the neighbour- 
hood of Rome. Its habits vary to a certain 
extent according to locality ; and while in the 
Russian steppes it frequents the hottest and 
driest spots, in Dalmatia and the Tyrol it is 
found in sunny, although by no means dry, 
situations, either in woods or among old buildings. 

The other European species is the horseshoe-snake 
(Z. hippocrepis), common both to Southern Europe and 
Northern Africa, and represented in the lower figure of 
the illustration on page 1572. From its allies it is dis- 
tinguished by the presence of a series of small suborbital 
shields beneath the eye, which completely separate the 
latter from the upper labials, by the divided anal 
shields, the presence of from twenty-five to twenty-nine 


longitudinal rows of scales on the body, and likewise 
by the c constancy of the colouring. Measuring nearly 
6 feet in length, this handsome snake has the ground- 
colour of the upper parts varying from greenish or 
greyish yellow through orange to reddish brown. 

As a rule, the head 1s marked by a 
dark oblique band between the eyes, 
' behind which is a second band, convex 

in front, and reaching to the neck, and 

a third marked with light spots, so that 

a horseshoe pattern is formed between 

the spots and bands. On the back runs 

a row of yellow-edged dark oval patches, 

which tend to unite towards the hind 

extremity ; and on each side of this is a 

series of smaller spots, beneath which, 

again, are more upright dark marks, 
extending downwards to the lower sur- 
face. As the upper dark patches are 
very large, the ground-colour is generally 

reduced to a series of rings, forming a 

very regular and pretty pattern. The 

under parts are yellow or orange red, 
spotted with black. 

The aforesaid Indian rat-snake (Z. 
mucosus), which is a large species, 
attaining a length of 6 feet or more, is 
brown above, frequently with more or 
less distinctly defined black cross-bands 
on the hind part of the body and tail, 
the under surface being yellowish, 

often with black edges to the shields of the hind 
portion of the body and tail. 

The range of this well-known species extends 
from Transcaspia to Java. Common _ everywhere 
in India, and feeding on mammals, birds, and frogs, 
the rat-snake derives its name from its habit of 
entering houses in search of rats and mice. Like all 
its allies, it is fierce and always ready to bite, and old 
specimens brought to Europe never become tame. 
When irritated, it utters a peculiar sound, which has 
been compared to that produced by gently striking a 
tuning-fork. ; 
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Although formerly supposed to be quite innocuous, 
the saliva of this species is known to pcssess slightly 
poisonous properties. A smaller allied Indian species 
(Z. corrus) differs by having the scales arranged in 
fifteen, instead of seventeen, rows. 

The black snake (Z. const ictor) is 
well-known North American 
group. 


a large and 
representative of this 
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THE PANTHER-SNAKE 

_ The handsome panther-snake (Drymobius bifossatus) 
is the typical representative of a small Tropical American 
genus to a great extent intermediate between Zamenis 
on the one hand and Coluber on the other, being just 
separable from the former by the larger 
number of teeth (twenty-two to twenty- 
eight), and connected with the latter by 
two species in which the teeth are nearly 
equal in size. In addition to the more 
numerous teeth, most of these snakes 
differ from Zamenis by the larger size 
of the eyes. They are all large and 
powerful reptiles, with cylindrical bodies, 
clearly defined heads, large eyes, regu- 
larly tapering tails, which are at least 
equal to a fourth of the total length, 
the scales smooth or keeled, with apical 
pits, and arranged in from fifteen to 
seventeen rows, no  subocular head- 
shields, unkeeled inferior shields, and the 
twenty-two to thirty-eight maxillary 
teeth increasing either in height or 
thickness at the hind end of the series. 

The panther-snake, which is an 
inhabitant of Paraguay and Brazil, and 
is especially common in the neighbour- 
hood of Rio de Janeiro, is characterised 
by having fifteen rows of scales on the 
body, the lack of the small lower pre- 
orbital shield, and its general form and 
colouring ; its length being as much as 7 feet. The 
ground-colour is yellowish grey on the upper parts; on 
the front of the head are three dark cross-bars ; two broad 
longitudinal stripes run along the hind part of the head 
and neck; the ornamentation of the back takes the 
form of a row of large greyish brown black-edged spots, 
which are lozenge-shaped on the neck, but further 
back become irregular, and confluent with two lateral 
rows of spots. The yellowish white shields of the edges 
of the jaws have black lines of division, and behind each 
eye a blackish brown streak runs to the angle of the 
mouth. This snake frequents swampy. situations 
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DARK GREEN SNAKE 


well covered with trees and bushes, and is remarkably 
swift and active in its movements. In its general 
habits it appears to resemble the ringed snake, feeding 
almost entirely on frogs and fishes. 


THE AESCULAPIAN SNAKE 


The typical representatives of the family Colubride 
are the numerous snakes of the genus Coluber, which 


are distributed over the greater part of Europe, Asia, 
and North and Tropical America. These snakes differ 
from Zamenis in having the teeth in the maxilla of 
nearly equal size throughout, although those in the 
front of the lower jaw are larger than the rest. In 


THE KING-SNAKE 


number the maxillary teeth range from twelve to 
twenty-two. These snakes are also distinguished by 
having the scales of the body, which may be either 
smooth or pitted, arranged in from fifteen to thirty-five 
longitudinal rows, and furnished with pits at their 
extremities, those in the middle line of the back not 
being larger than the others. The long head is well 
defined from the neck, with a moderate-sized eye, 
of which the pupil is circular, and the shields normally 
arranged ; the elongated body is slightly compressed, 
with its scales either smooth or keeled ; and while the 
shields on the lower surface of the body may be either 

_, rounded or furnished with a more or less 
well-marked keel on the side, those of 
the tail are arranged in a double row. 

All these snakes are fierce in their 
disposition, and while all can climb 
well, some are almost entirely arboreal; 
others, again, frequent the neighbour- 
hood of water, and are good swimmers. 
The food of all consists of small mam- 
mals and _ birds. 

Among the European representatives 
of the genus, the yellow, or A*sculapian, 
snake (Coluber longissimus) may be re- 
cognised by the small head, imperfectly 
distinguished from the neck and 
rounded at the muzzle, as well as by 
the stout body, rounded tail, and the 
nature of the scaling. On the head 
there is no small preorbital shield, and 
of the eight upper labials the fourth and 
fifth enter the circle of the eye ; the body 
has from twenty-one to twenty-three 
rows of smooth scales, and the anal shield is divided. 

Generally the upper surface is brownish yellow with a 
tinge of grey, and the lower aspect whitish, the hind 
part of the head having a yellow spot, while the back 
and sides are marked with small whitish dots, which in 
some places are very distinctly defined, and assume the 
form of the letter X. There is, however, great indi- 
vidual variation in colour, and a dark anda light variety 


Photo, C. R. Walter 


1571 


HARMSWORTH NATURAL HISTORY 


may be recognised. In the south of Europe, where it 
attains a length of about 4 feet, this snake prefers 
rocky, or at least, stony districts abundantly covered 
with bushes, but in Schlangenbad, the only German 
locality where it is found in any numbers, old walls are 
its favourite resorts. As it feeds chiefly on field-mice, 
it is a decided benefactor to the 
agriculturist and gardener. It 
also consumes, however, a certain 
number of lizards, as well as such 
birds as it can contrive to capture, 
and occasionally plunders a nest 
and sucks the eggs. It is very 
fond of climbing ‘bushes and low 
boughs or stumps of trees, as 
represented in the illustration; 
and in thick forests will go from 
bough to bough, and then from 
tree to tree, without descending 
to the ground. Indeed, it is such 
an adept in climbing that.it fre- 
quently captures swift-running 
lizards on the stems of trees. 


THE LEOPARD-SNAKE 

Another southern species is the 
leopard-snake (C. leopardinus), a 
handsomely-marked_ reptile be- 
longing to a group characterised 
by the absence of a subocular 
shield below the preocular on the 
head, the smooth or faintly-keeled 
scales arranged in twenty-three or 
more rows, and the circumstance 
that the third labial shield does 


into transverse bands, while on each side there is a row 
of smaller, blackish, crescentic spots alternating with 
those of the back. The range of the species is bounded 
to the west by the mountains of Southern Italy and 
Sicily, and to the east by Asia, both phases occurring 
together in most districts between these limits, although 
in Greece and Dalmatia only the 
typical leopard-snake is known. 


FOUR-LINED SNAKE 

Among the largest of European 
serpents is the four-lined snake 
(C. quatuorlineatus), which attains 
a length of between 6 and 7 feet, 
and is olive brown or flesh-coloured 
above, often marked with a pair 
of longitudinal blackish brown 
stripes, a black line running from 
the eye to the mouth, and the 
under parts being straw-yellow. 
There are, however, many 
variations from this typical 
colgration ; some specimens being 
entirely black, while the young 
generally have black cross-bands 
on the head, three rows of large 
brown spots on the back, the sides 
likewise spotted, and the under 
parts with a blackish steel-grey 
tinge. The distinctive specific 
characters are the presence of a 
small preorbital shield on the 
head, the arrangement of the 
scales of the middle of the body 
in from twenty-three to twenty- 
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As special characters of the 

leopard-snake may be mentioned the presence of from 
twenty-five to twenty-seven rows of perfectly smooth 
scales, and of from two hundred and twenty-two to 
two hundred and sixty ventral and sixty-eight to 
eighty-nine subcaudal shields. 

There are two ,- 
phases or varieties 
of this snake, in 
the first and rarest 
On which the 
ground-colour is 
brownish grey, 
usually with four 
black longitudinal 
stripes, here and 
there interrupted, 
although these may 
sometimes be re- 
placed by two dark 
or blood-red lines. 
On the sides are 
small blackish 
spots; the under 
surface of the head 
and fore part of 
the body are either 
yellowish white or 
bright yellow, but te : 
each under shield 24, > 24 ae 
is marked with four BLACK-MARKED AND 
or five irregular 
blackish spots, which become so large posteriorly that 
the whole surface appears steel- blue, the yellow only 
showing on the edges of the shields. In the second, or 
typical, phase the ‘ground- colour is mahogany-red, mot- 
tled on the upper surface with blood-red blac k-edged spots, 
which may either be arranged in two rows, or coalesce 


scales being smooth in the young 
but distinctly keeled in the adult—the divided anal 
shield, and the presence of from one hundred ard 
ninety-five to two hundred and thirty-five ventral 
and sixty-three to ninety subcaudal shields. 

The distributional area of this snake includes the 
whole of Southern 
and South-Eastern 
Europe, from Lower 
Italy and Dalmatia 
to Turkey, as well 
as Greece and the 
adjacent islands, 
and extends to the 
interior of Asi 
Minor, as well as 
to the Transcau- 
casian region. All 
observers are in 
accord that the 
four-lined snake is 
not only harmless, 
but useful, since it 
destroys rats, field- 
mice, and smaller 
snakes. It also 
preys upon moles, 
lizards, and small 
birds. 

Met sa dorniveTr 
European — species 
of the same large 
genus is the black-marked snake (C. scalaris), which 
belongs to a separate group characterised by the follow- 
ing features. The rostral shield of the head is of a large 
size, convex, and pointed in front, while it extends back- 
wards between the prefrontal shields, where it terminates 
in a point. The tail is relatively shorter than in the 
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typical group. The black-marked snake, formerly 
separated as Rhinechis, and represented in the upper 
figure of the illustration on page 1572, has the cylindrical 
body relatively thick, the tail short and blunted, and 
the flattened head broad behind and sharp in front. 
The body-scales, which usually form twenty-seven, 
although occasionally from twenty-five to twenty-nine, 
rows, are long, four-sided, and smooth; the shields on 
the under surface of the body, from two hundred 
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and one to two hundred and twenty in number, are 
bent at the edges, those beneath the tail form a 
double series of from forty-eight to sixty-eight, and 
the anal shield is usually divided. 
The ground-colour varies from bright grey or greenish 
grey, through reddish or yellowish brown, to olive or 
reddish yellow; and in the young the markings of the 
head take the form of a perpendicular black streak 
through the eye, and another from the eye to the mouth, 
forming with its fellow a V-shaped mark; the neck 
having a dark cross-band, p ° : 
and a row of H-shaped [ 
black markings running | 
down the back, below which 
is a series of small spots, 
followed inferiorly by a 
third and fourth row. With 
age these markings tend 
gradually to disappear, till r 
finally there remain only two | 
dark brown or blackish rows 
running from the neck to the 
tip of the tail. In length, 
this snake measures rather 
more than 4 feet. Every- 
where rare, the black-n.arked 
snake is confined to Spain, 
Portugal, and the south of 
France. In addition to other 


food, it preys upon grass- ~ spe 
hoppers, and will follow 
mice into their burrows. 


A good climber, it is stated to be more rapid in its 
movements than any other of the European snakes, 
and its keenness of vision is remarkable. 

As well-known New World representatives of the 
same large genus, mention may be made of the North 
American corn-snake (C. guttatus), with reddish blotches 
on a yellow ground, the chicken-snake (C. obsoletus), 
and the bull-snake (C.  melanoleucus), the latter 


CORAIS SNAKE 


taking its Latin name from its marbled black and 
yellow colouring; and the South American corais 
snake (C. corais), which is a very large species, varying 
in colour from brownish orange to nearly black. 


SIPOS, OR WOOD-SNAKES 


Unlike all the above-mentioned members of the 
colubrine family, which only climb trees in search of 
food, the American wood-snakes (Herpetodryas) are 


ERO EUR FS 


THE BULL-SNAKE 


purely arboreal reptiles, especially adapted by their 
colouring to such a mode of life. Compared with the 
species of Coluber, the hind maxillary teeth tend to be 
stouter, if not taller, than those in front; the total 
number of these teeth varying from twenty-eight to 
thirty-two. They are further distinguished by their 
larger eyes, which may be of very great size, the 
distinctly compressed and more slender body, and the 
small number of the longitudinal rows of scales, which 
does not exceed from ten to twelve. The known 

: species, about five in num- 
ber, are inhabitants of the 
West Indies and the forest- 
districts of Central and 
South America, all being 
characterised by their more 
or less uniform olive green 
coloration. 

In the forests of Brazil, 
the Guianas, and Venezuela, 
as well as in the Lesser 
Antilles, lives the sipo, or 
Brazilian wood-snake (H. 
cavinatus), which may be 
selected as a_ well-known 
example of the genus. Fre- 
quently attaining a length 
of about 7 feet, and remark- 
ably beautiful in colouring, 
this snake generally has the 
upper parts of a_ bright 
verditer or olive green, shot 
with a tinge of brown on the back, while the under 
parts are greenish or bright yellow; the greenish hue 
prevailing in the middle of the body, and the yellow 
elsewhere. Throughout there is a shimmering play of 
colours of allshades of green passing into metallic 
brown, and the middle line of the back displays a 
brighter longitudinal streak, frequently bordered on 
each side by a darker band. 
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In the West Indies this species undergoes a remarkable 
change of hue, becoming blackish brown or black above, 
with the under parts steel-grey; the upper lip and 
edges of the jaws alone preserving the original yellowish 
green. The scales are arranged in twelve rows, and are 
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mostly smooth, although the two middle rows on the 
back are keeled, and the eye is of very large size. 

Next to the small-scaled snake, the sipo is the most 
abundant of Brazilian serpents, and may jbe met with 
on sandy jungle-clad ground close to the shore 
both “at Rio de Janeiro and Cape Frio, where | 
specimens of upwards of 10 feet in length have }} 
been observed. In addition to sandy localities, it |} 
also frequents swampy spots near the sea. In its | 
movements it is so rapid that, when startled, it 
seems to disappear like a flash of lightning. — It 
feeds largely on-frogs, as well as on lizards and | 
young birds, and lays only five eggs, remarkable 
for their cylindrical and slender form. 


TREE-SNAKES 


In the Old World and Australasia the wood- 
snakes are replaced by the typical tree-snakes 
(Dendrophis and Dendrelaphis), distinguished from 
all the preceding types by the hind border . of 
each of the shields on the lower surface of the | 
body having a notch on each side, corresponding to 
a suture-like lateral keel; the scales of the body 
being arranged in from thirteen. to fifteen rows. 
While in the first-named of the two genera all 
the teeth in the maxilla, or hind upper jawbone, 
are approximately equal in length, and the scales 
of the row in the middle line of the back larger 
than the others, in the second genus the foremost 
teeth in the hind upper jawbone are enlarged, 
but. the scales of the middle row of the back are 
similar to the rest. 

All these snakes have large eyes, and elongated 
and often compressed bodies, and their general 
colour is some shade of green or olive, often 
with a bronzy tinge. In habits they are mostly 
arboreal. Of Dendrophis about nine species are known, 
ranging from India to Australia and New Guinea; 
while Dendrelaphis is represented by about five species, 
with a range extending from India and the Malay 
region to the Philippines. 


EGG-EATING SNAKE 

The last representative of the solid-toothed series of 
the colubrines that will be mentioned here is the re- 
markable little egg-eating snake (Dasypeltis scabra), 
of South Africa, which represents a subfamily (Dasy- 
peltine) by itself. The essential 
character of the subfamily is the 
rudimentary condition of the denti- 
tion, the front of both the lower 
and upper jaws being devoid of 
teeth. To compensate for this lack 
of ordinary teeth, the egg-eating 
snake is, however, provided with a 
series of about thirty of what may 
be termed throat-teeth; these being 
formed by the lower spines of the 
vertebra projecting into the ceso- 


phagus, and being tipped with 
enamel. The scales are strongly 
keeled. 


This little snake is about a couple 
of f@et in length, and has a body 
not much thicker than a man’s 
finger Although it lives in trees, 
and feeds on the eggs of small birds, 
it will, when pressed by hunger, 
descend to the ground and rob 
hens’ nests. That such a tiny 
reptile should be able to swallow a 
hen’s egg seems incredible, but 
nevertheless a specimen has been 
taken with the egg actually within 
its Jaws, and the whole head so swollen as to render 
the mouth incapable of being closed ; and an example 
in the London Zoological Gardens swallowed pigeons’ 
eggs without any apparent difficulty. When swallowed, 


the egg is split longitudinally by the row of teeth in 
the throat, and the whole of the contents secured. 
After being thus broken, the two halves of the shell, 
generally fitted into one another, are rejected. Before 
the shell is broken the throat of the reptile becomes 
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distended to an extraordinary degree, and is quite tense, 
with the scales standing nearly upright. Directly 
the shell is broken, the swelling begins to subside 


MOON-SNAKES 


The moon-snakes (Oxyrhopus), as they are called in 
Brazil, may be taken as the first representatives of the 


CROWNED MOON-SNAKE 


second of the three great parallel series into which the 
colubrine family is divided. This back-fanged series, 
or Opisthoglypha, is characterised by having one or 
more pairs of the hind upper teeth longitudinally 
grooved, and thus capable of acting as poison-fangs. 
Many of these snakes are indeed extremely venomous, 
their bite being capable of producing death in a few 
minutes. They are divided into two subfamilies, of 
which the first, or Dipsadomorphine, is characterised 
by the lateral position of the nostrils; these snakes 


and nape is blackish, with or without a yellowish band 
across the temple and occiput; and the under parts are 
yellowish white. Very common in the neighbourhood 
of Bahia, this snake, like the other members of the 
subfamily, is almost exclusively nocturnal; and its 
food consists solely of lizards. Although their fangs 
are large, these reptiles never attack human beings. 


THE CAT-SNAKE 


One of the few European representatives 
of the group the cat-snake (Zarbophis 
fallax) belongs to an Old World genus 
characterised by the solid maxillary teeth 
gradually decreasing in length from back to 
front, the absence of enlargement in the 
scales of. the back and the subocular shields, - 
the oblique arrangement ‘of the scales, the 
spindle-shaped. body, the clear distinction 
between the flattened head and the neck, the 
relatively short tail, and the small size of the 
eyes. In place of a lower preocular shield, 
the elongated loreal extends backwards to 
the eye, so as to. come in contact with the 
upper preocular; this arrangement being 
unknown in any other European snake. In 
the lower jaw the front teeth are much longer 
and more bent than.those which follow; 
while the fangs in the hind part of the upper 
jaw are also elongated and much curved. 

Sometimes reaching a little over a yard in length, 
this snake is of a dirty brownish yellow or grey ground- 
colour, with small black dots and a chestnut-brown 
spot on the shields of the head, while the neck has a 
large blackish or reddish brown patch, and rows of 
smaller spots of the same colour ornament the back. 
There is also a dark band from the eye to the corner 
of the mouth; each side of the body has a row of 
small spots; and the under parts are whitish with a 


being either terrestrial or arboreal 
in their habits, with a world-wide 
distribution. 

Belonging to the first of the two 
subfamilies, the moon-snakes are 
characterised by the slender and 
somewhat compressed form of the 
body, the flattened head, imperfectly 
differentiated from the neck, and 
broad behind and narrow in front, 
although somewhat pointed at the 
muzzle, and the upper jaw projecting 
considerably over the lower. The 
scales, which are arranged in from 
seventeen to nineteen rows, are 
smooth, with apical pits, the anal 
shield and the shields on the lower 
surface of the tail may be either 
single or double, and the eye, as in 
most of the other members of the sub- 
family, has the pupil vertical. -The 
species of moon-snakes, about seven- 
teen in number, range from Mexico, 
through Central America, to Tropi- 
cal South America; the~ species 
figured (O. coronatus) being an in- 
habitant of Brazil and the Guianas. ; 

In size this snake is comparatively small, measuring 
only about 2 feet in length. It is one of three specics 
characterised by the subcaudal shields being undivided, 
and differs from the other two in having the sub- 
caudal shields arranged in seventeen in place of nineteen 
rows. In colour the upper parts vary from reddish or 
pale brown to blackish, and pass into pale brown or 
yellowish on the sides; the upper surface of the head 


THE CAT-SNAKE 


grey or brown marbling. 


j g. The cat-snake ranges from 
the shores of the Adriatic to the neighbourhood of the 
Black and Caspian Seas, Asia Minor, and Northern Syria. 
It inhabits rocky and sunny spots, and feeds mainly, 


if not exclusively, on lizards. Although slower than in 
water-snakes, its movements are more rapid than those 
of vipers. The virulence of its poison is such that a 
lizard bitten died in a minute and a half. 
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NOCTURNAL TREE-SNAKES 

The tropical regions of the Old World are the home of 
the typical genus, Dipsadomorphus, of the subfamily, 
the members of which are characterised by the long and 
compressed body and tail, the sharp distinction of the 
head from the neck, the moderate or large size of the eye, 
with its vertical pupil, and the normal arrangement of 
the shields on the head, in which the hind nasal is more 
or less markedly hollowed. The number of teeth in the 
hind upper jawbone varies from ten to twelve, the two 
or three hinder pairs being elcngated and grooved, 
while in the lower jaw the front teeth are the largest. 
The scales on the body are arranged in from seventeen 
to twenty-seven longitudinal rows, those of the middle 
row of the back being larger than the rest, and the 
medium-sized or long tail has its inferior shields in two 
rows. 

These snakes are represented by about. twenty-one 
species, inhabiting Southern Asia, New Guinea, Northern 
Asia, and Africa. The majority are inhabitants of 
forests or scrub-jungle, and are almost entirely arboreal, 
but a few are terrestrial, and frequent’ open country. 
Many of these snakes attain a length of 6 or 7 feet, 
and their prevalent ground-colours are brown and 
black. The Indian species are purely nocturnal, and 
their food consists of small mammals, birds, and, 
more rarely, lizards, and occasionally birds’ eggs. It 
is noteworthy that some species prey entirely on 
mammals, while others confine their attention to birds. 
Eight species of the genus are recorded from India, 
Ceylon, and Burma, while a well-known Malay form is 
the ularburong (D. dendrophilus). 


GREEN SNAKES AND WHIP-SNAKES 


Among tree-snakes with fangs in the back of the 
jaws may be mentioned the species of Philodryas 
characteristic of South America, and the whip-snakes 
(Dryophis) of India and the Malay countries. _ In the 
American genus the 
hind fangs are not 
very large, being 
not double the 
height of the solid 
teeth in front of 
them. The body 
and tail are elon- 
gated and more or 
less compressed, the 
eyes large, and the 
smooth or keeled 
scales arranged in 
from seventeen to 
twenty-one rows, 
while the prevailing 
colouris green. The 
genus is represented 
by some thirteen 


species, among 
which the green 
snake (P. viridis- 


simus) attains a 
length of nearly 
three feet, and has from two hundred to two hundred 
and twenty-eight shields on the lower surface of the 
body. It is a native of the Guianas, Eastern Peru, 
and the intermediate countries. 

In the Indian whip-snakes the teeth in the posterior 
upper jawbone vary in number from twelve to fifteen, 
one or two near the middle being much enlarged and 
fang-like. After these comes an interval devoid of 
teeth, and at the hind end of the jaw the two last 
teeth are grooved. In the lower jaw the third or 
fourth tooth is enlarged and fang-like; those in the 


hind part of the series being small and uniform, The 
head is long, and markedly distinct from the neck; 
and the eye rather small, with a horizontal pupil. 
The scales investing the elongated and compressed 
body are smooth and without pits, and arranged in 
fifteen oblique rows, those down the middle of the back 
being slightly enlarged. Theshields on the undersurface 
of the body are rounded, and those beneath the tail 
form two rows. The Indian whip-snake (D. mycterizans) 
ranges from India, Ceylon, and Burma to Siam. 

Deriving their name of whip-snakes from the extreme 
elongation and slenderness of the body and tail, these 
serpents move awkwardly enough on a flat surface, 
although when coiling and climbing among the branches 
of trees their rapid movements are graceful in the 
extreme. While retaining their hold by means of a 
few coils of the tail thrown round a branch, the length 
of their body enables them with ease to reach another 
at a considerable distance, or to dart forth their head 
in order to seize any hapless bird or lizard that may be 
within striking distance. 


SHARP-NOSED SNAKES 


Nearly allied to the preceding are the sharp-nosed 
snakes (Oxybelis), of which the four species inhabit 
Central and South America; the Tropical African 
Thelotornis kivilandi being a nearly-related type. 
These snakes have small heads, with the snout narrow 
and elongated, and the rostral shield projecting con- 
siderably beyond the lower jaw. The neck is thin 
and slender, the body greatly elongated and laterally 
compressed, and the long and thin tail tapering to a 
fine point. The upper jaw carries seventeen solid teeth 
of nearly equal size, and four large fangs. Inappearance 
and habits these snakes closely resemble whip-snakes. 


ORIENTAL FRESH-WATER SNAKES 


Brief. reference may be made here to a group of ten 
genera of aquatic 
snakes from India, 
Burma, China, New 
Guinea, North 
Australia, and the 
adjacent countries, 
which constitute a 
second — subfamily 
(Homalopsine) in 
the hind-fanged 
series. From the 
members of the 
preceding subfamily 
these may be readily 
distinguished by the 
position of the 
nostrils on the upper 
surface of the 
muzzle ; while they 
are further differen- 
tiated by their 
thoroughly aquatic 
habits. 

As none of the 
species is of general interest, it will be unnecessary to 
particularise the various genera, but it may be men- 
tioned that the typical Homalopsis belongs to a group 
in which the two nasal shields of the head are in 
contact, while in a second group, as represented by 
Cantoria, they are separated by an internasal shield. 

Most of these snakes are of small size, few of them 
exceeding a yard in length, while many are consider- 
ably smaller. Although mainly fresh-water snakes, 
seldom coming to shore, a few members of the group 
enter the sea. Many of them are furnished with 
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prehensile tails, by means of which they attach them- 
selves to convenient objects, and the majority feed 
exclusively on fish, though a few prefer crustaceans. 
Their young are produced alive in the water. The 
single representative of the type genus 
is H. buccata. 


ELAPINE SNAKES 

The beautiful but venomous small- <e 
scaled snake (Elaps corallinus) is the Se 
best-known representative of a genus . 
belonging to the third and 
last series of the colubrine 
family. All the members 
of this front-fanged series 
(Proteroglypha) are charac- 
terised by having the front 
teeth of the hind upper 
jawbone, or maxilla, 
grooved, and the posterior 
ones simple and _ solid. 
These snakes, which are 
all poisonous, are 
divided into two 
subfamilies, accord- 
ing to their habits 
and the conforma- 
tion of the tail. In 
the first, or elapine 
subfamily (Elapine) 
the tail is cylindri- 
cal; the snakes 
themselves _ being 
either terrestrial or 
arboreal in their 
mode of life. 

These elapine 
snakes are dis- 
tributed in larger 
or smaller numbers 
over Asia, Africa, 
and America, and 
are especially 
abundant in Aus- 
tralia, where they form by far the greater part of the 
serpent fauna. All of them—doubtless on account 
of the immunity from attack conferred by _ their 
poisonous character—are remarkable for the beauty 
of their coloration. 

The small-scaled snake and its allies constitute a 
genus restricted to the warmer regions of America. They 
are small, although rather long and plump serpents, 
with the body cylindrical, the head flattened and 
scarcely differentiated from the neck, and the tail 
short. The small eye has a circular pupil, the mouth 
is narrow, and the jaws admit of but slight dilatation. 
Superiorly the body is clothed with equal-sized, smooth, 
smal scales, arranged in fifteen rows ; while inferiorly 
the body-shields are rounded, the anal one being un- 
divided, and the shields beneath the tail arranged in a 


WHIP-SNAKE 


INDIAN 


double series. Behind the fangs the teeth are all 
small. 
One of the handsomest members of a _ beautiful 


group is the small-scaled snake, which inhabits a large 
part of South America, and also occurs in the West 
Indies. Attaining a length of from 2 feet to 2} feet, 
this snake has its ground-colour a brilliant cinnabar- 
red, with a special lustre on the under parts. On the 
body this red colour is divided into sections of equal 
length by broad black rings, bordered by more or less 
distinct greenish white margins, all the red and greenish 
portions showing black spots on the tips of the 
scales. 


SNAKES 


The front of the head, as far back as the hind end of 
the frontal shields, is bluish black; at the back of 
the parietal shields there begins a greenish white 
cross-band, running behind the eye, and occupying 
the whole of the 
lower jaw; and after 
this comes a black 
neck-ring, followed 
by one of the red 
spaces of the body. 
As a rule, instead 
of being red, the 
tail has alternations 
of black and whitish 
rings, with its tip 
whitish. The small- 


scaled snake is 
generally found in 
‘ forests:: the neigh- 


bourhood of human 
dwellings it strictly 
avoids. Somewhat 
slow in its move- 
ments, it is unable 
to climb trees; and 


its food consists of other 
snakes, lizards, insects, and 
centipedes. In South Africa 


these snakes are represented 
by two species of the closely- 
allied genus Homorelaps. 


MASKED ADDERS 


In Asia the place of the 

- small-scaled snake and its allies 
is taken by a group of species 
which includes the well-known 
masked adder Callophis mac- 
clellandi. From the genus 

Elaps these are distinguished 

by the presence of a distinct 

groove along the whole of the 
front surface of the upper 
fangs, and also by the scales 
being arranged in_ thirteen 
rows. None of the teeth be- 
hind the fangs is solid, and 
the shields on the head (among 
which the loreal is wanting) 
are of large size. A further difference 
from the American genus is to be found 
in the presence of postfrontal bones 
in the skull. These snakes, which 
are mostly less than 3 feet in length, 
are represented by species ranging 
/ from India to Southern China and 
i Japan. 
The masked adder, which attains a 
length of 26 inches, and ranges from 
Nepal to the south of China, is gene- 
rally reddish brown above, with regular 
black light-edged transverse rings placed 
at equal distances from one another ; the under parts 
being yellowish with black cross-bands or squarish spots. 
These snakes resemble the small-scaled snake, which is 
referred to above on this page, in the slowness of their 
movements, and their inability to ascend trees, their 
favourite resorts being hilly districts. 

Curiously enough, the masked adders closely resemble 
the harmless snakes of the genus Calamaria, upon the 
different species of which they chiefly feed; these latter, 
as described on page 1569 of this work, being of small 
size, frequently not exceeding a foot in length. 


1577 


HARMSWORTH NATURAL HISTORY 


LONG-GLANDED SNAKES 
Nearly allied to the preceding are four snakes from 
Burma, the Malay region, and the Philippines, which 
merely differ in that the poison-glands, instead of being 
confined to the back part of the head, extend along each 
side of the body for about a third of its total length, 


LONG-GLANDED SNAKE 


AND MASKED ADDER 


gradually thickening till they end in front of the heart in 
club-shaped expansions. Theheart being thrown further 
back in the body than ordinarily, these snakes may be 
recognised externally by the thickening of that region. 

The species (Doliophis intestinalis), which is shown in 
the illustration, is an extremely elongated and_ slender 
snake, inhabiting Burma and *the Malay Islands, and 
attaining a length of 2 feet. It is generally brown 
above with a yellowish black-edged line running down 
the middle of the back, and a nearly similar one on 
each side of the body; the under parts“ being banded 
with yellow and black. 


KRAITS 

Although the native name krait applies properly only 
to a single member of the 
genus Bungarus, it may be aL Aft Ze ae css. 
conveniently extended to WIZ; y 
include the whole of the 
six species, which range 
from India to the south of 
China, five occurring in 
India and Ceylon. 

Closely connected 


RAT OOS, 


with 


the masked adder and its 
relatives by the genus 
Hemibungarus, in which 


a solid tooth is present 
behind the fangs, the kraits 


have from one to. three 
small solid teeth behind 
these; and the smooth 
scales are arranged in 


thirteen or fifteen rows, 
with the. middle row of the 
back larger than the others. 
The head resembles that of 
the last genus in being im- 
perfectly distinguished from 
the neck, as well as in the 
size and number of its 
shields ; and the small eye 
has a similar round pupil. 
The tail is of moderate 
length, or short, with the 


shields on its lower surface arranged in either a 


double or single series. 
BANDED KRAIT, OR RAJ-SAMP 


The banded krait, or raj-samp, meaning king-snake 
(B. fasciatus), belongs to a group in which the shields 
on the lower surface of the body are very 
large, and broader than long ; those of the 
tail being arranged in a single series. The 
species is distinguished by the presence of 
a distinct ridge along the back, the obtuse 
extremity of, the tail, and by the front 
temporal shield of the head being scarcely 
longer than deep; these three features 
distinguish it from the typical krait (B. 
candidus) and the nearly allied Ceylon krait 
(B. ceylonicus). 


The banded krait, which ranges from 
Bengal to Java and Celebes, commonly 


measures about 4 feet in length, although it 
grows to 6 feet. In colour it is bright 
yellow, with black rings equal to or exceeding 
in length the Tight interspaces ; on the head 
a black band begins between the eyes and 
widens towards the nape of the neck, and 
the tip of the muzzle is brown. The Burmese 
and Indian race is distinguished as B. ec. 
coeruleus. 

The typical krait (B. candidus) is of a dark, almost 
steel-blue black, or chocolate-brown colour, with narrow 
cross-bars, streaks, or rings of white; the under surface 
being of a dark livid hue, or whitish or yellowish. It 
inhabits the whole of India, but is not so large as the 
raj-Samp. 

The krait frequently insinuates itself into houses, 
where it conceals itself in bath-rooms, verandas, cup- 
boards, or between the bars of shutters; but an 
instance is on record where one was discovered coiled 
up beneath the pillow of a palki in which a lady had 
made a night’s journey. Next to the cobra, the krait is 
credited with killing more human beings in India than 
any other snake. Regarding the character of the 
banded krait, Major F. Wall writes as follows: ‘‘ The 
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statement that the 
banded krait is one of 
the most deadly of all 
snakes is inaccurate ; 
in fact, it reckons 
among the least dan- 
gerous of poisonous 
snakes, and 1 cannot 
find one single authen- 
tic case of ahuman be- 
ing succumbing to the 
bite of this snake, 
though it is common . 
enough. The Burmans 
even go so far as to 
assert that it is not 
poisonous. Major 
Leonard Rogers, as a 
result of direct experi- 
ment, estimated that ; 
the virulence of this 
poison is one - four- 
teenth that of the 
cobra and one-twenty- — 
eighth that of the com- 
mon krait. Messrs. 
Martin and Lamb esti- © 
mate that the venom ~ 
of bungarus fasciatus is © 
one-seventh as potent ~ 
as that of the cobra 
and hamadryad, and = 
one-thirtieth that of - 
the common krait.” -~ 
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The name “cobra 
da capello,”’ or hooded 
snake, was applied by 
the Portuguese in 
Ceylon to the common Indian representative of a 
genus of deadly serpents distinguished from the 
kraits by their power of inflating the neck, and 
likewise by the scales in the middle of the back 
not being larger than the rest. By Europeans these 
snakes are now generally known by the name of 
cobras. Agreeing with the kraits in having the fangs 
furnished with a complete groove on the front surface, 
and likewise by the presence of from one to three solid 
teeth behind them, the:cobras have the head distinct 
from the neck and covered with large shields, among 
which the loreal is wanting, the eye being rather small, 
with a round pupil. The body is cylindrical, with the 
smooth scales disposed in fifteen or more oblique rows, 
and the tail is of moderate length, with its in- 
ferior shields in either a single or a double series. 
The dilatation of the neck, which always takes 
place when they are excited and about to strike, at 
once serves to distinguish the cobras from all other 
snakes (page 1561). 

Cobras are confined to Africa and Southern Asia, and 
are represented by ten species, two of which are found 
in India and a third in the Philippines, while the others 
are African. Of the Indian representatives of the 
group by far the most abundant is the typical, or true, 
cobra (Naia tripudians), known to the natives of India 
as the kala-nag or kala-samp (black snake). Distin- 
suished by having no large shields on the head behind 
the parietals, and by the whole of the shields ou t 
under surface of thé tail being arranged in a double 
series, this snake is a very variable species as regards 
colour-pattern, some examples having a dark spectacle- 
like mark on the back of the hood, while others show a 


{ 
tLe 


INDIAN COBRA 


single eye-like spot, and others, again, have no mark 
at all in this region. 

In regard to colouring, it has been remarked that the 
hue of the upper parts may be greyish brown ‘or black, 
with or without a spectacle—or loop-shaped black light- 
edged marking on the neck—or with hght spots or 
cross-bands on the body ; while beneath it varies from 
whitish, through brownish, to blackish, sometimes with 
cross-bars on the fore part of the body. Occasionally 
attaining a length of a few inches over 6 feet, while one 
instance is on record where a specimen measured upwards 
of 7 feet 3 inches, this cobra is distributed over the whole 
of India and Ceylon, ranging westwards through 
Afghanistan to the Caspian, and to the east of the Malay 
region and the south of China. 

The second Indian species is the king-cobra, or giant 
cobra, sometimes known as the hamadryad (N. bun- 
garus), a larger snake, distinguished by the presence of 
a pair of large shields on the head behind the parietals, 
while the shields beneath the tail usually form only a 
single series. When adult, its colour is yellowish or 
brown,’ with more or less distinctly marked dark 
cross-bands ; but young specimens are usually black, 
with yellow rings on the body and bars on the head, 
and in some instances there are light spots on the 
upper surface, and the {nferior shields are whitish with 
black margins. In’ sjze the king-cobra is known to 


measure as much as 14 feet 7 inches, and possibly 

wS Jareger Piercer than the common speci thi 
cobra’ is fort yviely far less abundant range 
extending from india through Burma and Siam to the 
Malay region and the Philippines. This cobra feeds to 
a great extent on other snakes. 
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On this subject Major F. Wall writes as follows : “ It 
has been known for many years that this redoubtable 
snake does not discriminate between harmless and 
poisonous species, but devours anything that chance 
has to offer. Major G. H. Evans mentions a specimen 
in Burma 11 feet 4 inches long, which he encountered 
carrying a snake in its jaws as a dog would a stick. 
The latter proved to be another hamadryad 8 feet 
6 inches in length. The same authority .on another 
occasion found one in the act of-swallowing a cobra (N. 
tripudians). Mr. Craddock has recorded one at Pahang, 
Federated Malay States, 9 feet 8 inches long, which 
had swallowed a 4-feet cobra, and Mr. Primrose found 
one 7 feet 5} inches in length eating a banded krait 
(Bungarus fasciatus) 3 feet»1} inches. A specimen 
killed by Mr. Branson contained a Russell’s viper, which 
was swallowed tail-first.”’ 

A third species is the African cobra (N. haze), the asp 
(so called from the hood, which is compared to a shield, 
aspis) of the Bible, 


commonly trod upon by the natives—and more 
frequently at night than at other times—with the well- 
known fatal results. These snakes lay from eighteen to 
twenty-five oval eggs about the size of those of a pigeon. 
Ascending to a height of some eight thousand feet 
in the Himalaya, the common cobra, according to 
Sir J. Fayrer, ‘‘ is equally dreaded and fatal wherever 
met with; fortunately it-is not naturally aggressive, 
unless provoked, at which times its aspect is most 
alarming. Raising the anterior third or more of its 
body, and expanding its hood, with a loud hissing, it 
draws back its head prepared to strike, and, when it 
does so, darts its head forwards, and either scratches, or 
seizes and imbeds its fangs in the object of attack. If 
the grasp be complete and the fangs imbedded in the 
flesh, dangerous and often fatal effects result; but 
if the fangs only inflict a scratch, or if the snake be 
weak or exhausted, the same great danger is not in- 
curred. Ifthe poison enter a large vein and be quickly 
carried into the cir- 


while the spy-slange, 
or spitting-snake, of 
the Boers represents a 
fourth kind (N. nigri- 
collis). The range of 
the former includes 
1early the whole of 
Africa;and it presents 
great local variations 
incolour. Somewhat 
exceeding in size the 
true cobra, the asp is 
distinguished by the 
sixth upper labial 
shield of the head 
much exceeding the 
others -n length, and 
uniting with the tem- 
poral, s) as to form a 
large plate, which an- 
teriorly comes in con- 
tact with the post- 
ocular siield. Inmost 
Egyptian . examples 
the colour of the upper 
parts is uniformly 
straw-yellow, while 
the under parts are 
light . yellow ; but 
there may be dark 
cross-bands on the 
under surface of the 
region of the neck, 
which sometimes 
unite into a patch. 
The straw-colour may, however, shade into blackish 
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brown and occasionally the hues may be brighter. As 
a rule, the spectacle-like marks on the hood are absent. 

Although frequently seen in motion during the day, 
cobras are most active during the night, and in India 
feed chiefly on the smal! mammals, birds’ eggs, frogs, 
fish, and even insects.. The king-cobra, as already 


mentions 


snakes, 


|, subsists, however, almost entirely on other 
end the other spesies will occasionally rob 


hens’ nests, swallowing the eggs whole. In captivity, 
cobras will live weeks and even months without tasting 
food of any kind or touching water. 


Essentially terrestrial in habits, cobras readily enter 
water, in which they swim well, and they occasionally 


climb trees in seareh of food, an often found, more 
especially during t! ainy season, in old buildings and 
walls, or in wood-stacks and heaps of rubbish. It is 

hen collected in such situations that they are most 
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culation, death is very 
rapid; men having 
been known to perish 
from cobra-bite within 
half an hour. 

“The largest and 
strongest as well as 
thesmallest and weak- 
est creatures succumb: 
but, fortunately, all 
who are bitten do not 
die. Inthe first place, 
some human beings, 
as well as lower ani- 
mals, have greater 
tolerance than others 
of this or of other 
poisons—a result, 
doubtless, of idiosyn- 
crasy Or varying de- 
grees of nervous 
energy, which enables 
one to resist that to 
which another would 
yield; or a wound 
may have been in- 
flicted and yet but 
little of the poison 
inoculated ; or, in the 
third place, the snake 
may be weak or 
sickly, or it may have 
been exhausted by 
recent biting, and thus 
; have become tempor- 
arily deprived of the power of inflicting a deadly 
wound. But when a cobra in the full possession of 
its powers bites, and injects the poison into man or 
beast, it is almost surely fatal, and all the remedies 
vaunted as infallible antidotes are futile.’’ 


THE RINGHALS 

Nearly allied to the cobras is the African ringhals— 
that is, banded neck (Sepedon hemachetes)—which has a 
similar dilatable hood, but differs by the absence of 
small teeth on the maxilla behind the fangs, and also 
by the strongly-keeled scales, which are arranged in 
nineteen rows. The general colour on the upper 
surface is black, more or less distinctly banded with 
yellow; the bands being most clearly defined on the 
neck. The under parts are almost wholly black 
although generally showing one or two whitish bands 
across the lower part of the n-ck, 
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PURPLE DEATH-ADDER. OR RLACK SNAKE 
aes Bie — ae , 


MALE AND FEMALE OF SHORT DEATH-ADDER. 
Photos, Cyril Grant ILane 
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The black-necked cobra (N. nigvicollis) often does 
not move until it is approached pretty closely, when it 
will creep into a hole if not molested, but if frightened 
stands up and with neck much dilated, and if, in trying 
to hit it, you miss, it comes straight at you rather 
rapidly, and will spit with remarkable accuracy for your 
face. One taken alive by Mr. Fitsymonds measured 
five feet. The fluid seems acrid, and may blister a 
tender skin; if it goes into the eye, it gives rise to 
a good deal of smarting for perhaps a day. These 
snakes are said to be very poisonous; but Mr. Fitz 
symonds states that he knows of no authenticated 
case of anyone having 
been bitten. And, accord- 
ing to his experience, they 
very rarely bite, but 
always spit until the saliva 
is exhausted. 


DEATH-ADDERS 


Among the deadliest of 
Australian snakes is the 
purple death-adder (Pseu- 
dechis porphyriaca), typi- 
cally representing a genus 
characterised by the great 
elongation and slenderness 
of the cylindrical body, 
the sharply-pointed tail, 
the small head, imper- 
fectly differentiated from 
the neck and clothed with 
large shields, the smooth 
scales, arranged in from 
seventeen to twenty-three rows, the divided anal shield, 
and the arrangement of the shields on the under surface 
of the tail at first in a single, and posteriorly in a double 
series. Behind the fangs are one or two solid teeth in 
the upper jaw, the pupil of the eye is round, and the 
neck cannot be dilated. This snake, which grows to a 
length of about seven feet, is very variable in colouring. 
Generally, however, the colour of the back varies from 
shining purplish black to dark olive brown, the under 
parts being red and the sides carmine, but the latter 
colours not occupying the centres of the scales, which 
are black, as are the hinder borders of the shields of 
the under surface. Generally known to the settlers 
by the name of the black snake, this reptile is 
dreaded alike by natives and Europeans, although, 
fortunately, it nearly always endeavours to escape 
when discovered. 

The short death-adder (Brachyaspis curta) is selected 
as a well-known example of a group of Australian genera, 
which include a large number of species. Closely 
resembling the harmless snakes in general appearance, 
these death-adders are distinguished from the other 
members of this section by the presence in the upper 
jaw of a row of small, curved, solid teeth behind the 
fangs. The head is unsymmetrically four-sided, 
flattened, and rounded at the muzzle, the body massive, 
and the tail either moderate or short. The smooth and 
equal-sized scales are arranged in from fifteen to twenty- 
one rows, those on the middle of the back not being 
larger than the rest, and there is but a single row of 
shields on the under surface of the tail. 

All these species are peculiar in the group for pro- 
ducing living young. The species shown on page 1581 
varies from 3 to 4 feet in length, has a short tail, and 
nineteen rows of scales. Although very variable as re- 
gards colouring, the head is generally uniform black, the 
body olive-colour, with broad brown or black cross- 
bands, the hind part of the body and the upper surface 
of the tail uniformly blackish, and the whole of the 
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under parts light yellow. Some specimens have, 
however, no dark bands on the back. 

The spine-tailed death-adder (Acanthophis antarc- 
ticus) represents a genus easily recognised by the horny 
appendage with which the tail terminates ; ‘the middle 
row of scales in the fore part of the body being more 
or less distinctly keeled. In addition to Australia 
and New Guinea, this snake also inhabits the Eastern 
Moluccas, as well as Ceram and Amboyna. It 
feeds chiefly upon frogs and young birds, and is 
regarded by Europeans as most deadly, al- 
though the natives believe that no one ever dies 

from a death-adder’s bite. 


TRIS SEA-SNAKES 


Although often referred 
to a separate family, the 
sea-snakes are now con- 
sidered to _ represent 
merely a subfamily (Hy- 
drophiine) of the front- 
fanged colubrines. From 
the preceding subfamily 
(Elapine) they are distin- 
guished, not only by their 
marine habits, but likewise 
by their strongly-com- 
pressed and_ oar-shaped 
tails, in the skeleton of 
which both the superior 
and inferior spines of the 
vertebre are very strongly 
developed. With the ex- 
ception of the broad-tailed 
sea-snakes, which form a kind of transition between the 
present and preceding subfamilies, these snakes never 
leave the water; and the inferior surface of the body 
and tail is either covered with scales similar to those 
on the upper parts, or, if shields be present, they are 
of small size. All are very poisonous, and produce 
living young. 

Their headquarters are the coasts of the Indian 
Ocean and the tropical districts of the Western Pacific, 
their range extending from the Persian Gulf to New 
Guinea and Northern Australia. The parti-coloured 
sea-snake has, however, a more extensive distribution, 
ranging from the western coast of Africa to the western 
shores of Tropical America, and extending so far 
north as Japan and Manchuria, and so far south as New 
Zealand. All of these snakes have relatively small 
heads, jaws, and fangs; and while in some cases the 
body is short and thick, in others it is very thick only in 
the region of the tail, and elsewhere disproportionately 
elongated and attenuated. 

Always varied, the colouring is often brilliant and 
beautiful ; and the oar-like form of the tail and hind 
part of the body is obviously an adaptation to an 
aquatic life, as indeed is the colouring, which is often 
of the mackerel type. Living in the. sea, or in tidal 


waters, their movements in the clear blue water are 
agile and elegant, but when thrown ashore, as fre- 
quently happens, the majority are helpless. Their 


food consists of fishes and such other creatures as they 

can capture in the sea. In parts of the Bay of Bengal 
sea-snakes are sometimes seen congregating in large 
shoals. The group is divided into nine genera, no less 
than six of which are represented in Indian waters. 

The broad-tailed sea-snakes, of which there are four 
species, constituting the genus Platurus, in general 
appearance closely resemble some of the “kraits, 
especially as regards the shape of the skull and the 
scaling of the head and body, but are distinguished by 
the compression and depth of the tail. In the upper 
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jaw, which is very short, there is in the maxilla of each 
side a pair of large grooved fangs, followed by a single 
very s.nall solid tooth. The arrangement of the shields 
of the head is normal, each nostril being pierced in a 
laterally-placed nasal; the scales on the body are 
smooth and overlapping, and the inferior surface is 
covered with large shields. 

Of the four species, the banded sea-snake (P. 
laticaudatus) is distinguished by the absence of a keel 
on the lower surface of the hinder part of the body, and 
also of an unpaired shield on the muzzle; the scales 
being arranged in nineteen rows. In colour it is olive 
above and yellowish beneath, with black rings fully 
equal in width to the ight interspaces. Attaining a 
length of a little over a yard, this species ranges from the 
Bay of Bengal and the China Sea to Polynesia. An 
allied but larger species (P. colubrinus), with the same 
distribution, is distinguished by the presence of an 
unpaired shield on the head, and the arrangement of 
the scales in from twenty-one to twenty-five rows ; 
while the third species (P. schistorhynchus), from the 
China Sea and Western Pacific, differs in having a keel 
along the hinder half of the lower surface of the body. 

That the broad-tailed sea-snakes are the direct 
descendants of terrestrial forms allied to the kraits is 
proved by their retention of large inferior shields, and 
by their habits. Not only are these snakes frequently 
found at some distance from water, but in Sumatra a 
specimen was captured nearly a day’s march inland. 

In common with all the other members of the sub- 
family, the parti-coloured sea-snake (Hydrus platyurus) 
has the nostrils placed on the upper surface of the 
muzzle ; and the under surface of the body and tail in 
this species is scaled like the rest, although in some of 
the genera traces of enlarged shields still persist. In 
the skull the maxilla 
is considerably longer 
than the transverse 
bone, and carries a 
pair of short fangs, 
followed, after an 
interval, by seven or 
eight solid teeth ; the 
muzzle is elongated ; 
the head-shields are 
large, the nasals being 
in contact with one 
another, and the scales 
on the relatively short 
body hexagonal in 
form and with their 
edges in apposition. 

This snake attains 
a length of a yard ; 
and in colour is either 
yellowish with sym- 
metrical black trans- 
verse bands or spots, 
or uniformly black 
above and_ yellow 
with or without black spots below, the yellow tail being 
ornamented with either black spots or bars. It is the 
sole representative of its genus, and has a wider 
distribution than any other member of the group, 
ranging over the whole of the Indian Ocean and the 
tropical and subtropical portions of the Pacific (p. 1584). 

The typical sea-snakes, forming the large genus 
Hydrophis, differ in having from seven to eighteen 
solid teeth in the maxilla, by the longer body, on the 
anterior part of which the scales are imbricating, and 
by the presence of more or less distinct small shields on 
the lower surface. The black-banded sea-snake (Dzstiva 
cyanocincta) may be taken as an example of another 
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large genus differing from the preceding in that the fangs 
are followed in the maxilla by from four to ten solid 
teeth with their front surface grooved. In _ these 
snakes the body is more or less elongated, and gener- 
ally has the scales of its front portion slightly over- 
lapping, while the under surface carries small shields 
The typical species, which grows to a length of 6 feet, is 
of a greenish olive above, with black transverse bars or 
rings, which are sometimes connected by a longitudinal 
stripe on the under surface. This snake ranges from 
the Persian Gulf to the Malay Archipelago and Japan, 
and is one of the most abundant in the Indian seas. 

There are several points in which the sea-snakes 
differ from their land cousins as regards habits in 
addition to those already noticed. In the first place, 
the skin is changed piecemeal, instead of entire; the 
casting taking place at very frequent intervals. 
Moreover, the tongue is very short, and only the 
extreme tips of its two extremities are exserted through 
small notches on either side of the rostral shield of 
the head, which is prolonged downwards so as to 
close the mouth. When, however, these snakes are 
cast ashore and almost blinded by the unaccustomed 
light, the tongue is used in the ordinary manner as 
a feeler. 

As already mentioned, it has long been a matter 
of common knowledge that the sea-snakes which are 
met with in such numbers in Indian waters are highly 
poisonous, and several instances are on record where 
human beings have succumbed to the effects of bites 
from these venomous reptiles. For instance, Sir 
Joseph Fayrer mentions a case in which a ship’s 
captain was bitten by a sea-snake with fatal results 
‘while bathing in the Bay of Bengal. The native 
fishermen on the Orissa coast, where these snakes are 
very abundant, are 
well aware of their 
poisonous properties ; 
and take such good 
care to avoid being 
bitten that deaths 
from this source ap- 
pear to be rare among 
them. 

Although the ‘fact 
of the venomous 
nature of sea-snakes 
has been so long 
known, it has only 
recently been recog- 
nised that the poison 
Ol theselereptilesms 
far more virulent 
han that of land- 
snakes. And the 
reason of this is not 
ign Auey SOCIe,s “‘Ilae 
majority of terrestrial 
poisonous snakes of 
large size, such as the 
cobra, are in the habit of preying on warm-blooded 
mammals and birds, to which a comparatively small 
amount of poison proves fatal. Sea-snakes, on the 
other hand, prey mainly, if not entirely, on fish, some 
of which are as much as a foot in length; and fish 
require a much larger injection of poison in order to 
produce fatal effects than is the case with warm- 
blooded animals; the amount of venom necessary to 
cause death varying, of course, with the size of the 
fish. 

A large number of specimens have been experimented 
upon by Dr. L. Rogers at Puri, on the Orissa coast, 
where these snakes are taken by the fishermen during 
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the cold season in their nets with a frequency which 
is in proportion to the number of fish captured. 
As soon as taken, they were transferred to a salt- 
water tank, in which the majority lived only 
for a few days, although a few individuals survived 
for several weeks. The venom was obtained by in- 
ducing the snakes to bite on a watch-glass with a 
thin layer of gutta-percha tissue stretched tightly 
across; the poison being by this means ejected 
as clear drops into the glass without any mixture 
of saliva. 

The symptoms produced in animals by the injection 
ot sea-snake venom were found to be, with one notable 
exception, practically the 
same as those caused by 
cobra-poison. The ex- 
ception was that no ap- 
preciable effect is pro- 
duced on the blood of a 
land animal bitten by a 
sea-snake. When fish 
were bitten, the symp- 
toms were very much 
the same as in the 
case of warm-blooded 
animals, although they 
were somewhat more 
difficult to observe. 

Previous to the be- 
ginning of the experi- 
ments 1t was, as already 
mentioned, well known 
that a much larger dose of cobra-venom is necessary 


to kill a fish than is required to destroy a mammal or ° 


bird of the same weight, and it was likewise well 
known that the Enfhydrina feeds on fish. As the result 
of experiments made on-the common mud-fish, it 
was found that fifty times as much cobra-venom is 
required to kill a fish as is necessary to prove fatal to 
a warm-blooded animal of the same size. 

When, however, the poison of the Enhydrina was 
employed, the fatal dose for a fish was only ten times 
as great as that required for a mammal. In other 
words, the poison of the Enhydvina is much more 
deadly for fish than is cobra-venom, even when full 
allowance is made for the greater potency of the 
former in the case of warm-blooded animals. Sea- 
snake poison is, in fact, specially adapted for the 
needs of the reptiles by which it is secreted, being 
about fifty times as effective for the destruction of fish 
as is cobra-venom. The advantage to the Enhydrina 
of being thus enabled to kill its slippery prey with 
great suddenness is sufficiently obvious. Even more 
deadly is the vencm of Hydrus platyurus. - It may be 
added that it is just these two species—the Enhydrina 
and the Hydrus—wbich are regarded by Puri fishermen 
with the greatest dread, probably from the fact that 
human beings have in times past succumbed speedily 
to their bites. 

It has been found out that sea-snake venom 
has no appreciable effect in causing coagulation of 
the blood of the animals into which it is injected, 
being in this respect markedly different from cobra- 
poison. Nevertheless, the former kills by producing 
symptoms almost identical with those caused by the 
latter. Now, there is very strong reason for believing 
that these symptoms, in the case of sea-snake bite, 
are due to injury to the nervous system of the victim. 
And this affords a very strong presumption that 
Sir Joseph Fayrer was right in his view that 
death by cobra-bite was due to lesion of the nervous 
system, and not to the effects of the poison on the 
blood. Traces of action on the blood are, however, 
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exhibited by sea-snake poison, and it would thus 
seem probable that the more marked effects produced 
by cobra-venom are likewise inherited from ancestors 
which did actually kill by blood-poisoning instead of 
by nerve paralysis. 

“““In this connection it is interesting to observe,” 
writes Dr. Rogers, ‘that all through the poisonous 
snakes we find evidence of an action on the blood and 
on the nervous system in different degrees. Thus, 
beginning with the viperine snakes, we first have the 
duboia, Vipera vusselli, which appears to-be the purest 
blood-poison of the known venomous snakes, killing by 
producing intravascular clotting in large doses, and the 
opposite effect of total 
loss of coagulability in 
repeated sub-minimal 
lethal ones. Then we 
come to the class of 
pit-vipers, of which 
the rattlesnakes of 
America have been most 
closely investigated by 
Messrs. Mitchell and 
Reichert. They also 
found a very marked 
effect on the blood, ap- 
parently similar to that 
produced by the duboia ; 
but, combined with this, 
we have a marked para- 
lytic effect on the ner- 
vous system, and especi- 
ally on the respiratory centre, for the authors men- 
tioned conclude that although death may occur 
through the effect on the blood, yet they add: ‘ There 
can be no question, however, that the respiratory 
centres are the parts of the nervous systems most 
vulnerable to the poison, and that death is commonly 
due to their paralysis.’ 

“ Leaving the viperine snakes and passing on to the 
poisonous colubrines, we first come to the Australian 
Pseudechis, and we find again a combination of the 
two effects to such a marked degree that, when the 
venom is administered intravenously, death results 
from intravascular clotting, as in the viperine snakes, 
while if minimal lethal doses are given subcutaneously, 
death results through paralysis of the respiratory 
Centres: 

‘Next we come to the cobra, and here we find the 
nerve-symptoms quite predominate, although some con- 
siderable effect on the blood, in the form of reduction 
of coagulability and dissolution of the red corpuscles, 
still survives, although it now takes quite a secondary 
position to the effect on the nervous system. 

“ Lastly, we have the Hydrophiine, which, morpho- 
logically considered, are but colubrines modified for 
an aquatic existence, and here we find a practically 
pure nervous poison, although there still persists a 
a trace of action on the blood if strong solutions of the 
venom are employed, although it can have no actively 
poisonous effect.” 

It has been already stated that sea-snake poison is 
much more virulent than cobra-venom, and it may 
be added that it appears to be intermediate between 
the latter and the poison of tetanus. Moreover, the 
action of the poison of tetanus and of the venom of 
colubrine snakes is so similar that the suggestion 
naturally arises of an intimate relationship between 
the two. And if this be so, both these snake-venoms 
probably act by being taken up in the circulation 
and fixed in the nerve-centres until such time as a 
quantity sufficient to paralyse the action of the latter 
has been accumulated. 
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QO™MITTING mention of the small and unimportant 

family of harmless snakes known as blunt-heads 
(Amblycephalida), represented by two Asiatic and two 
Tropical American genera, attention may be directed 
to the viper tribe (Vzpertd@), which includes the whole 
of the remaining members of the suborder. The 
distinction between a colubrine and viperine snake 
is that in the latter the maxilla, or hinder upper jaw- 
bones, are capable of being erected in a vertical plane 
at right angles to the transverse bones, while in form 
they are short and thick, and they always carry a 
single pair of large tubular fangs.. 

All vipers are poisonous, and nearly all of them 
produce living young, while they are more or less 
nocturnal and terrestrial in their habits, although a 
few ascend trees. The thick body, the flat, large, 
and often triangular head, sharply defined from the 
neck, the short and stumpy tail, the reduction of the 
maxillary teeth to a single pair of fangs, and the vertical 
pupil of the eye, are all features distinguishing vipers 
as a whole from the poisonous colubrines; but, as 
already mentioned, it is frequently necessary to ex- 
amine the structure of the skull itself before any particu- 
lar snake can be assigned to its proper serial posi- 
tion. That the vipers form a highly specialised 
group is self-evident ; and it seems very probable that 
they are descended from the hind-fanged colubrines. 
Mines cram ale 21S AY 
divided into two : 
groups, namely, the 
true vipers of the 
Old World, which 
attain their maxi- 
mum development 
in Africa, and the 
American and Asi- 
atic pit-vipers. 


TYPICAL VIPERS 

The first repre- 
sentatives of the 
Old World vipers, 
forming the sub- 
family Viperine, 
are the typical 
vipers, which con- 
Siitute a-genus 
(Vipera) with 
about ten species, 
ranging over Africa 
(Ceaeuins Inve. sOnt 
Madagascar), 
Europe, and a large 
portion of Asia, 
one of them reach- 
ing India. In common with the other members of 
the subfamily, they have no pit in the loreal shield 
of the head; while they are specially distinguished 
by the upper surface of the head being covered 
either with scales or small shields, and by the 
keeled scales of the body running in straight longi- 
tudinal rows, which vary in number from twenty-one 
to thirty-eight, and likewise by the double row of 
shields beneath the tail. 

The common viper (V. berus), which is happily the 
only British poisonous snake, is one of the smallest 
representatives of the genus, and distinguished by the 
mixture of scales and shields on the head (three of the 
latter being larger than the rest), and the general 
presence of only a single row of scales between the 
eye and the upper labial shields beneath. In colour 
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and markings the common viper is extremely variable ; 
but as a rule a dark zigzag stripe runs down the whole 
length of the middle of the back. 

With regard to colour, in some specimens the ground 
is nearly olive, in others deep rich brown, and 
in others dirty brownish yellow ;. while a mark between 
the eyes, a spot on each side of the hind part of the 
head, the above-mentioned zigzag line formed of 
‘confluent quadrangular spots on the back, and a row of 
small irregular triangular spots on each side of the body 
are of a darker hue than the ground-colour, and fre- 
quently nearly black. In some examples the under 
parts are lead-colour, with lighter or darker spots, but 
in others they are almost wholly black. 

A specimen has been recorded in which the ground- 
colour was nearly white and the markings black ; 
and in one variety the ground-colour is brick-red, with 
ferruginous markings, while in a second the under 
parts acquire a more or less marked blue tinge, and in a 
third the whole skin, with the exception of that beneath 
the jaw and throat, is black, the usual markings being 
visible in certain lights. The average length of the com- 
mon viper 1s about Io inches. Its geographical distribu- 
tion is greater than that of any other European snake, 
extending from Portugal eastwards to the island of 
Saghalin, while northwards it reaches to _ the 
Arctic Circle, and southwards to Central Spain. 

ee Some years ago 

- Mr. G. A. Boulenger 
; described a _ viper 
from  Pembroke- 
shire, remarkable 
for the absence of 
the characteristic 
zigzag marking 
down the back. 
This specimen was 
dark ~ brown in 
colour, with a rather 
ill-defined, straight- 
= ed sed] bandon 
2) darker sbironwan 
down the middle 
} of the back, and an 
oblique dark bar 
on each side of 

the occiput. 

A second speci- 
men of very similar 
character was de- 
scribed in 1842, 
and a third taken 
more recently 
near Ullswater. 
Apparently the 

nearest approach to this peculiar colour-phase is 
found in Spanish specimens, in which the zigzag dorsal 
band is replaced by a dark brown vertical stripe, three 
to five scales wide, bordered on each side by a series 
of subtriangular or crescentic black spots placed 
opposite to each other. This band may be relieved 
on each side by a pale brown or yellowish streak. 
SOUTHERN VIPER 

In South-Western Europe the true viper is replaced or 
accompanied by a closely-allied species which may be 
called the southern viper (V. aspis). As it was doubt- 
less to this snake that the Latin term Vivipava was 
applied, German writers restrict the name viper to the 
southern form, and use the term Kreuzotter for the 
common viper. In the latter the front of the upper 
surface of the head is covered with three distinct small 
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the group, attaining a length in some 
rare instances of just over a yard. 

The sand-viper ranges from Italy to 
Armenia. In Carinthia it is the commonest 
of snakes, in the Tyrol it is local, but it is 
abundant in the south of Hungary and 
Dalmatia, Mainly nocturnal it is much 
more commonly found in hilly than in 
level districts, ascending in the mountains 
to a height of between three thousand and 
four thousand feet. Except during the 
pairing season, witen it is found in couples, 
it is a solitary reptile subsisting on other 
snakes, field-mice, birds, and lizards. 


RUSSELL’S VIPER 


As being one-of the deadliest of Indian 
snakes, special mention may be made of the 
beautiful Russell’s viper, or duboia (V. 
yussellt), of India, Ceylon, Burma, and 
Siam. From the other viper inhabiting 
Kashmir (V.” libetina) this species may 
be distinguished by having the rostral shield 
of the head as long as broad, and the scales 
on the body arranged in from twenty-seven 
to thirty-one rows. Sometimes known as 


shields, but in the southern form it is clothed only with 
smooth or slightly-ridged scales, among which seldom 
more than a single polygonal roundish one can be 
regarded as representing a frontal shield; while instead 
of the single row of small scales generally separating 
the eye of the common viper from the upper labial 
shields, the southern form always has two such rows. 
There is likewise a difference in the shape of the muzzle 
in the two species. 
t4The southern viper may be considered characteristic 
of the Mediterranean countries, occurring in North 
Africa as well as in Europe. It is noteworthy that 
in the borderland of the distributional areas of the two 
forms, such as Northern Spain and 
Italy, it is often difficult to say to which 
of these any specimen may belong. 
More numerous in Scotland than the 
ringed snake, but, like the latter, 
unknown in Ireland, the viper generally 
frequents heaths, dry woods, and sandy 
banks. Although .its bite produces 
severe effects, it is seldom, unless the 
sufferer be very young or in ill-health, 
that death ensues. During the winte1 
months vipers generally hibernate in 
small parties for the sake of mutual 
warmth, several being often found twined 
together in a torpid condition. 


SAND-VIPER 

Another well-known poisonous Furo- 
pean snake is the long-nosed, or sand- 
viper (V. ammodytes), easily recognised 
by the presence of a _ soft horny 
appendage at the end of the nose, 
covered with scales, and not unlike a 
conical wart in appearance. It is also 
distinguished from the common viper 
by the absence of any large shield 
except the supraoculars on the top of 
the head, although in colouring the two 
species are very similar. In size it is 
the largest European representative of 


the chain-viper, this snake attains a length 
of 4 feet. Its ground-colour is pale brown, 
with three longitudinal series of black 
light-edged rings, sometimes replaced by faint dark 
spots ; the lower parts being yellowish white, either 
with or without small crescentic black spots. In 
young specimens, the black rings on the upper parts 
enclose dark reddish brown spots, which in the middle 
series are in contact with one another; the species in 
this condition being an exceedingly handsome snake. 
Sit J. Fayrer regards this viper as being, next to the 
cobra, the most dangerous in India, stating that fowls 
bitten by it sometimes expire in less than a minute. 
“Tt is nocturnal in its habits, is sluggish, and does not 
readily strike unless irritated, when it bites with great 
fury ; it hisses fiercely and strikes with vigour. Its 
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long, movable fangs are very prominent 
objects, and with them it is capable 
of inflicting deep as well as poisoned 
wounds. When disturbed, its loud 
hissing is calculated to warn those who 
approach it; and it does not appear to 
cause many human deaths, although it 
may be that its misdeeds are some- 
times ascribed to the cobra. This 
viper is said to frequently kill cattle 
while grazing, by biting them about the 
nose or mouth. In proof of its sluggish 
nature, there is a well-authenticated 
tale of a young person having picked 
one-up, and, mistaking it for an innocent 
snake, carried it home; its true char- 
acter being only discovered when it bit 
a dog.” 


PUFF-ADDERS 


In Tropical and Southern Africa the 
typical vipers are replaced by the 
large and brilliantly-coloured serpents 
known as puff-adders (Bits), which 
differ from the typical vipers by the 
presence of a series of scales separating 
the nasal from the rostral scales, as 
well as by the large size of the post- 
frontal bone of the skull. The typical 
puff-adder (b. arietuns), which inhabits 
the greater part of Africa and reappears 
in Southern Arabia, grows to about six 
feet in length, and is specially charac- 
terised by the upward direction of the 
nostrils, the presence of only one or 
two rows of scales between the nasal 
and rostral scales, and the arrangement 
of the body-scales in from twenty-nine 
to forty-one rows (p. 1588). 

In appearance most hideous and 
repulsive, this snake has the large and 
flattened head triangular in shape, 
very broad and blunt at the muzzle, 
and sharply defined from the body, 
the latter being thick and almost 
triangular in section. The scales of 
both head and body are keeled and 
overlapping, and differ from one another 
only in'size. The colouring and marking 
vary to a certain extent individually, 
and there is a great change in the 
brightness of the tints immediately after 
the changing of the skin. As a rule, 
however, the ground-colour of the upper surface varies 
from yellowish to orange brown with a series of 
regular chevron-shaped dark bars or other markings; 
the whole type of colouring being admirably adapted 
to render these reptiles inconspicuous when reposing 
amid rocks and stones. The under parts are uniformly 
yellowish white. The enormous size of the hideous 
head is largely due to the great dimensions otf the 
poison-glands. ; 

The puff-adder, which is everywhere dreaded on 
account of its deadly nature, and inhabits dry and 
sandy places, derives its name from its habit, when 
angry or alarmed, of drawing in a full breath and 
causing the body to swell visibly. Then the air is 
allowed to escape gradually, producing as it does so a 
prolonged sighing or blowing sound, which continues 
till the lungs are emptied, this process being repeated 
so long as the provocation lasts. Usually this reptile 
lies half hidden in the sand, with its head fully exposed, 
and when approached merely rises without attempting 
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to escape, and so virulent is its bite that even horses 
have been known to die within a few hours after being 
struck. The poison was formerly used by the Bushmen 
of the Cape for their arrows, to the tips of which it is 
made to adhere by being mingled with the viscid juice 
of the amaryllis. 

The other members of the genus, such as the Gabun 
puff-adder, or viper (B. gabonica), of Tropical Africa 
generally, and the West African nose-horned viper 
(B. nasicornis), differ by the nostrils being directed 
outwards as well as upwards, the two species named 
being specially characterised by the presence of four 
or five series of small scales between the nasal and 
rostral scales, and the large size and more or less raised 
or horn-like character of the scales between the supra- 
nasals ; the body-scales being arranged in from thirty- 
three to forty-one rows (p. 1562). 

The Gabun viper is marked on the back with oblong 
yellow patches arranged in a median row, as well as 
by a pattern of other colours. The young, of which 
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there may be as many as a dozen or fifteen at a birth, 
each about ten inches in leneth, are perfect living gems 
in the matter of colouring. Even more gorgeous in this 
respect is the nose-horned viper, especially just after 
changing its skin. The head is ornamented with a 
large chocolate arrow-head mark bordered with yellow, 
while down the middle line of the back runs, at con- 
siderable intervals, a series of whitish, yellow-bordered, 
somewhat butterfly-like patches. Chevrons of choco- 
late-brown with white edges form a series all along the 
sides of the body, and the general ground-colour is 
deep carmine ; minor markings occurring between the 
lateral chevrons and the central patches. 


HORNED VIPERS 

Next to the southern viper, or asp, no serpent was 
more feared by the ancients than the Egyptian cerastes, 
or horned viper (Cerastes cornutus). As a genus, the 
two species of Cerastes are characterised by the small 
crescentic nostrils situated on the sides of the muzzle, 
the presence in the male, and sometimes in the female, 
of a pair of scale-covered, horn-like processes above 
the eyes, the arrangement of the scales of the body in 
oblique rows, and the short keels on the scales, which 
stop short of their tips. 

The common horned viper (p. 1559) may be im- 
mediately recognised as an inhabitant of desert places 
from the general sombre and mottled tone of its colour- 
ing, which is admirably adapted to such surroundings. 
Usually attaining a length of about 2 feet, this serpent 
is of a hght-brownish ground-colour, more or less tinged 
with yellow, upon which are six longitudinal rows of 
circular or quadrangular dark markings, increasing in size 
from the middle of the back towards the sides. Beneath 
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the eyes runs a dark-brown band, while the middle of 
the head is marked by a light brownish yellow streak, 
dividing posteriorly, and uniting on the sides of the 
neck with another stripe coming from the chin. The 
scales surrounding the mouth are bright sandy yellow, 
the shields on the under surface being also either 
bright yellow or whitish. The scales of the body are 


arranged in from twenty-nine to thirty-three rows, 
the anal shield is single, but the shields beneath the 
tail form a double series. ; 

The range of this snake includes Northern Africa 
east of Morocco, as well as Kordofan, Southern Pales- 
tine, and Arabia; the second species, C. vtpera, 
inhabiting the northern fringe of the Sahara from 
Algeria to Egypt. Canon Tristram writes that the 
usual habit of the horned viper is “ to coil itself on the 
sand, where it basks in the impress of a camel’s foot- 
mark, and thence suddenly to dart out on any passing 
animal. So great is the terror which its sight inspires 
in horses that I have known mine, when I was riding 
in the Sahara, suddenly start and rear, trembling and 
perspiring in every limb, and no persuasion would 
induce him to proceed. I was quite unable to account 
for his terror, until. I noticed a cerastes coiled up in a 
depression two or three paces in front, with its basilisk 
eyes steadily fixed on us, and no doubt preparing for 
a spring as the horse passed.”’ 

When about to attack, this snake moves rapidly 
forward with a sideways motion, unlike that of any. 
other serpent ; and as it will attack when quite unpro- 
voked, the horned viper is more dreaded than any other 
North African snake, men frequently dying from its 
bite within half an hour. Its food consists of desert- 
haunting rodents, together with lizards, and perhaps 
birds. The second species is commonly believed to 
have been Cleopatra’s asp. 

EJA, OR SAW-VIPER 

While agreeing with the horned vipers in having the 
lateral body-scales arranged in oblique rows, the two 
species.of the nearly-allied genus Echzs are distinguished 
by the presence of only a single 
series of shields beneath the tail, 
as well as by the absence of 
horns. The upper surface of 
the head is covered with scales, 
and the keeled scales of the 
body form from twenty-five 
to thirty-five rows. 

The common saw-viper, or, 
as it is called in Egypt, eja 
(Echis carinata), attains a 
length of about 2 feet, and 
has the keels on the lateral 
scales of the body strongly 
serrated. In colour it varies 
from pale buff to greyish, 
reddish, or pale brown on the 
upper parts, with three series 
of whitish spots edged with 
dark brown, in addition to 
which there may be a dark 
brown zigzag band along each 
side, while the head is orna- 
mented with a cross or arrow- 
head mark, and the under parts 


are whitish, either with or 
W ithout brown dots. This 
species inhabits the desert 


regions of Western and Northern 
Africa, South-Western Asia, 
including Seistan, and India 
and Arabia; but the second 
species, £. colovata, is restricted 
to Arabia, Palestine, and the island of Socotra. 

The most remarkable peculiarity of this viper (which, 
however, it may possess in common with the horned 
vipers, since the scales of the latter have a similar 
structure) is its power of making a curious, prolonged, 
almost hissing sound, produced by rubbing the folds 
of the sides of the body one against another, when the 
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3 See 


HORNED VIPERS IN THE SAND 


serrated lateral scales grate together. This species is a 
very fierce and vicious viper, always throwing itself 
into an attitude of defence and offence, coiled up like a 
spring, and rustling its carinated scales as it moves one 
fold of the body against another. It is aggressive, and 
does not wait to be attacked before darting its head and 
body at its enemy, the mouth wide open, and the long 
fangs vibrating, so as to present a most menacing appear- 
ance. ltis very poisonous, and there can be little doubt 
that it destroys many human lives, as Indian natives 
are much more exposed to contact with this species 
than with Russell’s viper. 


RATTLE-SNAKES 


The dreaded rattle-snakes of the New World form the 
first representatives of the subfamily of pit-vipers (Cvota- 
line), which are common to Asia and 
America, and characterised by the pre- 
sence between the nostril and the eye of 
a deep pit in each loreal shield, the physio- 
logical significance of which is_ still 
unknown. All have triangular, broad 
heads and short, thick bodies. The 
Asiatic representatives of the group are 
less deadly serpents than their American 
relatives, and the only vestige of the rattle 
of the latter to be found in the former is 
a small horny spine at the end of the 
tail of one species. Many of the Indian 
species are arboreal in their habits, 
and in correlation with this their colour- 
ing assimilates to that of the foliage 
and boughs among which they dwell. 

As regards their geographical distri- 
bution, pit-vipers present a curious 
similarity to bears and deer, and since 
they are most abundant in the Indo- 
Malay region, and are also more ; 
numerous in North America than in South America, 
it has been suggested that the group originated in 
the Indo-Chinese countries, and thence spread north- 
eastwards to North America, and so onward to the 
southern half of the New World, which area, having been 
the last to receive the group, has not had time, in spite 
of its extreme fitness for the same, to allow reptilian 
life to attain its full development. Rattle-snakes are 
sufficiently distinguished from their allies by the pointed, 


horny appendage at the end of the tail 
from which they derive their name. In 
the young rattle-snake the tail terminates 
inasomewhat nail-like ‘‘ button,’ which 
in a perfect rattle remains at the tip, the 
various rings, reaching in some instances 
to twenty or more in number, being 
gradually interpolated between this and 
the scaly portion of the tail. 

More or less symmetrical in form, 
the rattle is composed of hollow, horny 
rings, somewhat like quills in substance, 
which are interlocked with one another, 
and are yet so elastic as to allow a 
considerable amount of motion between 
them. The various rings do not appear 
to be formed with any regularity, 
sometimes several being added in a 
single year, while at other seasons one 
only is developed; neither does there 
seem to be any relation between the 
growth of the rattle and the changing 
of the skin. That very large rattles 
must belong to old snakes is, however, 
obvious; and that this is really 
the case is shown by the circumstance 
that at the present day rattles with twenty rings are 
very seldom met with, since with the advance of culti- 
vation it is only rarely that these noxious reptiles 
are suffered to attain their full age. The body 
is thick, and, for poisonous snakes, somewhat long, 
and the poison-glands attain very large dimensions. 

Since the different species of rattle-snakes are 
extremely variable in colouring, reliance has to a great 
extent to be placed on the arrangement of the shields 
covering the fore part of the head for the purpose of 
discrimination. In the common rattle-snake of North 
America (Crotalus horrvidus) the distinctive character is 
the presence of one pair of internasal shields, and of a 
large shield between the latter and the supraocular, the 
paired shields being separated by a series of small 
ones in the middle line. ‘Between the supraocular 
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shields begin the long keeled scales covering the 
body, which are arranged in from twenty-five to twenty- 
seven longitudinal rows. The ground-colour of the 
upper surface is a dull greyish brown, upon which are 
two rows of large, irregular spots, which may unite 
into zigzag cross-bands, and are gradually lost on the 
dark tail; the under parts being yellowish white, 
marked with small black dots. Generally about 
44 feet in length, this species may grow to 6 feet. 
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In the south-eastern United States the commonest 
member of the genus is the diamond rattle-snake 
(C. durissus), which is not only the most beautiful, 
but likewise the largest species, adult females—which 
in this group are always larger than the males—not 
infrequently measuring 8 feet in length. From the 
common rattle-snake this species may be distinguished 
by the large and narrow head, on which there are two 
pairs of internasal shields, by the rostral shield being 
deeper than broad, by the scales of the body being 
always arranged in twenty-seven rows, and also by 
the colouring. After shedding, the new skin is of a 
beautiful greenish, or occasionally golden brown, 
ground-colour, upon which is a triple lozenge-shaped 
chain-pattern on each side of the back, the golden 
yellow lines of which stand out in marked contrast 
to the dark diamonds of the ground-colour. A blackish 
brown band runs 
from the muzzle 
through each eye 
to the corner of 
the mouth; and the 
top of the head is 
either uniformly 
coloured, or orna- 
mented with irregu- 
lar markings. 

In the  south- 
western United 
States the group is 
represented by C. 
confluentus, distin- 
guished by the 
broader,  trans- 
versely striated, 
supraocular shields. 
Of the ‘eleveg 
species of the genus, 
ten are confined to 
North America, 


and only one ranges © THE RATTLE-SNAKE 


to the southward 

of the Isthmus of Panama. The latter species (C. 
tevvificus), shown in the lower figure of the illustration 
on page 1591, approaches the common species as regards 
the arrangement of the shields on the head, but in 
colouring is like the diamond rattle-snake. From the 
former it may be distinguished by the circumstance 
that the two pairs of shields between the rostral and 
the supraocular usually have no small shields between 
them, so that they come into contact with one another 
in the middle line; while from the latter the larger 
size of the lozenges on the body, and the presence in 
each of a light-coloured centre, will serve as a sufficient 
distinction, in addition to the different arrangement 
of the head-shields. In the latter there is a pair of 
prefrontal shields behind the internasals, which are 
wanting in the other species. The range of this species 
extends from Arizona to Argentina. 

As already mentioned, rattle-snakes chiefly frequent 
dry and sandy localjties, more especially when they 
are covered with b s; but they also frequently 
take up their abode in the burrows of the prairie- 
dog, or prairie-marmot. Formerly it was believed 
that the snakes and the marmots lived together in 
complete harmony, but it is now ascertained that the 
former prey on the young of the latter. The general 
food of rattle-snakes consists of small mammals, 
birds, lizards, and frogs, the latter being especial 
favourites; but mammals as large as minks have 
occasionally been taken from their interiors. 

The most extraordinary peculiarity connected with 
the common species is its habit in the colder regions 


of North America of collecting in enormous numbers 
for the winter sleep. In some districts the snakes used 
to assemble in hundreds, or even thousands, from all 
sides to sleep in the ancestral den, some of them, it 
is said, travelling distances of twenty or even thirty 
miles. Huddled together in masses for the sake of 
warmth, the serpents passed the winter in a state of 
more or less complete torpor, until the returning warmth 
of spring once more started them to spread over the 
country. When rattle-snakes were abundant, annual 
or biennial hunts used to take place at these dens, the 
fat of the slaughtered reptiles being used as a valuable 
supply of oil. 

Catlin relates how, when a boy, he once assisted at 
one of these hunts at a place known as Rattlesnake 
Den, whence the snakes used to come forth on to a 
certain ledge of rockinswarms. At one time, he writes, 

ae . there was a knot of 
them “like a huge 
mat wound and 
twisted and inter 
locked together, 
with all their heads 
like scores of hydras 
| standing up from 
the mass,’’ into 
which he fired with 
a shot- gun. Be- 
tween five hundred 
and six hundred 
were killed with 
clubs and_ other 
weapons, but hun- 
dreds more escaped 
to the den. For- 
tunately, one large 
one was taken alive, 
and was made the 
means of destroying 
the rest, a powder- 
horn with a slow 
fuse being applied 
to its tail, and the reptile allowed to crawl back to the 
cave, where a loud explosion soon told the tale of 
the destruction that had taken place. 

The most interesting point in connection with rattle- 
snakes is the use to which the appendage from which 
they derive their name is put—for use it must surely 
have. The old view was that it was intended to warn 
creatures preyed on by these reptiles of the approach 
of their enemy; but, in regard to this supposition, 
Darwin well observes that “I would almost as soon 
believe that the cat curls the end of its tail when pre- 
paring to spring in order to warn the doomed mouse. 
It is a much more probable view that the rattle-snake 
uses its rattle, the cobra expands its frill, and the puff- 
adder swells while hissing so loudly and _ harshly, 
in order to alarm the many birds and beasts which 
are known to attack eyen the most venomous species. 
Snakes act on the same principle which makes a hen 
ruffle her feathers and expand her wings when a dog 
approaches her chickens.”’ 

In this passage the writer commits himself to the 
view that the rattle is an instrument of intimidation. 
It may, however, be observed that the sound would 
be quite as likely to attract enemies as to repel them. 
Moreover, it is now a well-ascertained fact that rattle- 
snakes do not possess. the power of hissing; and as 
that faculty seems more closely connected with fear 
than any other emotion, it would be quite reasonable 
to suppose that the rattle stands in place of the hiss. 

Another feature in the controversy is the circumstance 
that the sound of the rattle of one snake causes all 
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its kindred within hearing to sound their own, and 
the organ therefore probably serves as a means of 
communication. What is known as the ‘“ dinner- 
bell’ theory—that is, that a rattle-snake attracts 
insects like grasshoppers 
and cicadas within striking 
distance by the resemblance 
of the sound of its rattle 
to their own stridulating 
utterances, has been pretty 
clearly disproved ; while if 
it required a further quietus, 
the circumstance that these 
reptiles do not appear to 
prey habitually upon insects 
would be sufficient. On 
the whole, while admitting 
that fear has probably 
some share in the matter, 
it seems better to suspend 
judgment before definitely 
committing ourselves to 
any particular view. 

That rattlesnakes are 
some of the most deadly of 
all venomous serpents may 
be freely admitted; and it 
seems that we must almost 
concede that they possess 
the mysterious power of 
“fascinating’’ their victims 
before striking. Moreover, 
the assertions as to the 
power possessed by vipers 
of swallowing their young 
are equally numerous in the case of the serpents under 
consideration. Pigs are deadly foes to rattle-snakes, 
killing and eating them greedily whenever opportunity 
occurs. 

It should be added that certain rattle-snakes, such as 
Sistvurus miliaris, from North America east of the 
Rockies, are separated as a distinct genus, owing to the 
circumstance that the head is covered with large 
shields instead of a number of small ones. 
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THE BUSHMASTER 
The formidable South American snake known to the 
Dutch settlers of Guiana as the bushmaster, but by 
the Brazilians termed the surukuku (Lachesis muta), 


differs from the rattle-snakes by the presence of a 
distinct keel-like ridge down the back, and, in place of 
a rattle, in having the under surface of the tip of the 
tail covered with from ten to twelve transverse rows of 
small, spiny, sharp scales, while the extremity ter- 
minates ina spine. This snake, which attains a length 
of from 9g to 12 feet, has the ground-colour of the 
upper parts reddish yellow, upon which is a longitudinal 
row of large blackish brown lozenges, each having two 
light spots on either side of 
the middle line, while the 
under parts are yellowish 
white, with a porcellaneous 
glaze. The large size and 
enormous poison-fangs of 
the bushmaster render it 
one of the most formidable 
of the pit-vipers ; its bite 
being apparently fatal to 
human beings in a few 
hours. Fortunately it is far 
from common, and inhabits 
only the secluded portions 
of the primeval forest, 
where it lies coiled up on 
the ground. Unlike most 
sugpes, when disturbed it 
midkes no attempt to flee, 
but strikes with the rapidity 
of lightning at the disturber 
ofitsslumbers. Itlayseggs. 

Although formerly  re- 
ferred to a separate genus 
(Trimeresaurus), a number 
of pit-vipers from Tropical 
America and Asia are now 
included in Lachesis. Like 
the bushmaster, these vipers 
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are long-bodied snakes, charac- 
terised by the whole of the upper 
surface of the triangular head 
being covered with scales in- 
stead of shields, the tail, which 
is frequently prehensile, ending 
in a Sharp point, and having 
either one or two rows of shields 
on its lower surface. In all the 
Asiatic species there are two 
rows of these subcaudal shields, 
and it is only in a few of the 
New World members of the 
group that they are reduced to 
a single series. The number of 
longitudinal rows of scales on 
the body is very variable in the 
different species, ranging from 
as few as thirteen to as many 
as thirty-one. In Asia these 
snakes range from India to the 


South of China and the Liu- 
Kiu Islands; and while some 
species are terrestrial and nor- 
mally-coloured, others are ar- 
boreal, and in the greenish tints 
assimilate to the colour of their 
surroundings. 


GREEN TREE-VIPER 


Among the latter, the green 
tree- viper (L. graminea) be- 
longs to a group of four allied Indian and Burmese 
species characterised by their prehensile tails and the 
arrangement of the scales on the body in from thirteen 
to twenty-three rows; this particular species usually 
having twenty-one rows of scales, while there are from 
seven to thirteen scales in a transverse series on the 
head between the supraoculars. The temporal scales 
are smooth, and the shields on the lower surface of the 
tail vary in number from fifty-three to seventy-five. 

Attaining a length of 2} feet, this snake usually has 
the upper parts bright green, although in some speci- 
mens they may be yellowish, greyish, or purplish 
brown, and may or may not be marked with black, 
brown, or reddish spots. Generally there is a light- 
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coloured or reddish streak along the outer row of scales, 
and the end of the tail is frequently red or yellow, the 
under parts being green, yellow, or whitish. Ranging 
from Bengal to China and Timor, this species is 
thoroughly arboreal in its habits. 

These snakes are very common in the limestone-hills 
near Moulmein, Burma, where they are exactly of the 
same green colour as the foliage amongst which they 
hide themselves. Dr. Stoliczka states that he saw 
small specimens very often on low umbelliferous plants 
growing about a couple of feet high. One of the snakes 
had its tail wound below round the stem of the flower 
on the top of which it was basking. All were very 
sluggish, and did not make the slightest attempt to 
escape when approached, and 
even allowed themselves to be 
removed from the top of the 
plant. Neither did they offer 
to bite, unless when pressed to 
the ground with a stick, but 
when thoroughly aroused, they 
turned round and bit furiously. 


THE FER-DE-LANCE 


Much dreaded by the negroes - 
of the West Indies is the terrible 
rat-tailed viper, or fer-de-lance 
(L. lanceolata), one of several 
American species with non-pre- 
hensile pointed tails, whose 
habits are terrestrial. Reach- 
ing a length of nearly seven 
feet, with a body as thick as a 
man’s arm, this snake is very 
variable in colouring, although 
the ground-colour of the upper 
parts is generally reddish yellow 
brown. The distinctive markings 
take the form of a_ black 
stripe, which is but seldom 
absent, running from the eye to 
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the neck, and of two rows of irregular dark cross-bands 
on the body. In some specimens the sides of the body 
are, however, bright red. The form and arrangemert 
of the scales on the head, the presence of seven upper 
labial shields, and the arrangement of the body-scales 
in not more than twenty-nine rows, together with the 
uniformly-coloured under surface of the body, serve to 
distinguish this species from its congeners. This snake 
is an inhabitant of the Antilles and Tropical America. 
During the daytime it lies curled up in repose, with 
the head within the middle of the coils of the body, 
ready to dart out with the rapidity of lightning on 
the approach of an enemy. 
THE LABARIA ; 

The South American snake locally known as the 
jararaca is now considered to be inseparable from the 
fer-de-lance, but the labaria (L. atvox) is regarded as a 
distinct species. In common with the typical form of 
the fer-de-lance, the first of these two closely allied 
snakes, which.ranges from Amazonia southwards to 
San Paulo and westwards to Ecuador and Peru, has 
eight or nine upper labial shields on the snout, and 
from twenty-five to twenty-seven rows of scales on the 
body, the general colour of the upper parts being grey 
or greyish brown, with small dark brown cross-bands, 
bordered by darker edges ; while the under parts are 
grey, with two or four irregular longitudinal rows of 
whitish or yellowish spots. 

The labaria differs in having only seven upper 
labials, as well as in certain details of colouring, the 
back showing dark lozenges alternating with X-shaped 
markings, while the under parts are darker, with some- 
times two rows of white spots, and from the eye to the 
corner of the mouth runs a broader dark brown stripe. 
Inhabiting Eastern Brazil, this species extends so far 
north as Guiana, but its southward range is less than 
that of the jararaca. 

Writing of the latter, Mr. T. Bates states that in 
Brazilit is far more dreaded 
than the jaguar or the alli- 
gator. ‘The individual 
seen by Lino lay coiled up 
at the foot of a tree, and 
was scarcely distinguish- 
able, on account of the 
colours of its body being 
assimilated to those of the 
fallen leaves. Its hideous, 
flat, triangular head, con- 
nected with the body by a 
thin neck, was reared and 
turned towards us ; Frazao 
killed it with a charge of 
shot, shattering it com- 
pletely, and destroying its 
value as a specimen. In 
conversing on the subject of 
the jararaca as we walked 
onwards, every one of the 
party was ready to swear 
that this snake attacks man 
without provocation, leap- 
ing towards him from a 
considerable distances when 
he approaches. I met, in 
the course of my daily 
rambles through the woods, 
many jararacas, and once 
or twice very narrowly 


escaped treading ou them, | <= 


but never saw them attempt 
to spring. On some sub- +—— Be ie Becton 
jects the testimony of the 
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natives of a wild country is worthless. 
the jararaca is generally fatal.” 


HALYS VIPERS 

The so-called halys vipers (Ancistrodon) are specially 
characterised by having the upper surface of most 
or the whole of the front of the head covered with 
large shields, by the body being rather long and clothed 
with from seventeen to twenty-seven rows of keeled 
scales, and by the very short tail having its lower 
shields arranged in either a double or a single series. 
Some of the species are furnished with a small spine at 
the extremity of the tail, which is regarded as a 
rudimentary rattle. The genus is common to Asia and 
North and Central America, and is represented by 
about half.a score of species, two of which are found in 
India, while one ranges so far east as the Urals, where 
it just enters the confines of Europe. In habits they 
are all terrestrial. 

Of the Indian species, in both of which at least the 
majority of the shields on the lower surface of the tail 
are arranged in two rows, the Himalayan halys (A. 
himalayanus) is distinguished by having two pairs of 
large shields on the muzzle, the extremity of which is 
but little turned upwards. In colour it is brown, with 
black spots or transverse bands, but sometimes a light 
festooned stripe runs down the back ; trom the eye to 
the angle of the mouth is a black streak edged with 
white, and the under parts are either dark brown, or 
variegated with black and white. 

This snake, which grows to nearly a yard in length, 
is abundant in the North-Western Himalaya, at eleva- 
tions of between five thousand and eight thousand 
feet, although it sometimes ascends considerably higher. 
The carawila (A. hypnale), of Ceylon and Western 
India, is a much smaller species, not exceeding 20 
inches in length, and characterised by the extremity 
of the upturned muzzle being covered with small scales. 
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The typical member of the group is the Siberian 
nalys (A. halys), which is somewhat superior in size to 
the common viper, and may be recognised by the small 
portion of the head that is covered with shields, and 
also by the circumstance that each shield, or pair of 
shields, overlaps with its hind edge the shield imme- 
diately behind it, thus producing a more or less marked 
imbrication of the whole of the head-shields. Another 
characteristic is to be found in the small size of the an- 


terior frontal shields, - 
which have collec- 
tively a crescentic 


shape and somewhat 
saddle-shaped upper 
surface. The head 1s 
very distinctly defined 
from the compressed 
neck, and the body 


is rather long, of a 
rounded triangular 
form in the middle, 
and covered with 


twenty-three rows of 
triangular scales ; the 
very short tail, which 
is much thinner than 
the hinder part of the 
bedy, is conical, and 
armed with a forked 
horny appendage, re- 
presenting a rattle. 
The ground-colour 
of the middle of the 
back is a dark brown- 
ish yellow grey, while 
that of the under 
parts is a yellowish 
with more or less well-defined black spots on 
hinder shields. The yellow ground of the labial 
of the head has chestnut-brown markings ; 
and the crown of the head bears a large quadrangular 
blotch, forming an interrupted transverse band on the 
frontal shields, and a temporal band running from the 
hinder border of the eye to the angle of the mouth and 
the side of the neck, Somewhatsimilar markings orna- 
ment the ~ back, 
and are more or 
less clearly mar- 
gined with yellow. 


white, 
the 


shields 


Along the back 
and the ridge of 
the tail are a 


number of yellow- 
ish or yellowish 
white black- 
edged> irregular 
blotches or cross- 
bands; and on 
the sides are two 
rows Of blackish 
brown spots with 
white edges, 
which frequently 
rum One into 
another, the first 
dark spot on the neck differing from the rest by 
its horseshoe: form. The distributional area of this 
snake extends eastwards from the Volga to the Yenesei. 

In North America, one of the best-known and most 
widely distributed members of the genus is the strik- 
ingly-coloured and deadly copper-head, or moccasin 
snake (4. contortrix), which seldom much exceeds a 
yard in lens The body is strong and thick, the short 
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tail provided with one row of shields inferiorly and 
with a horny appendage at the end, while the elongated 
triangular head is markedly distinct from the neck, 
with the pits on the snout rather shallow, the gape of 
the mouth very wide, and no small smooth shields 
behind the large parietals. 

A beautiful coppery brown, becoming lighter on the 
sides, forms the ground-colour of the upper parts, and 
on this are about sixteen reddish brown dark-edged 
bands, becoming 
wider on the flanks. 
On the under parts 
the shields are copper- 
red, marked on the 
sides with large 
polygonal or rounded 
alternating dusky 
spots. The flattened 
head is generally 
lighter-coloured than 
the body, and marked 
by a broad _ stripe 
running from the 
snout along the side 
to the angle of the 
mouth. The distribu- 
tion of the copper- 
head extends from 
the 45th parallel ot 
north altitude to the 
extreme south of the 
eastern United States. 
Its favourite haunts 
are damp situations, 
more especially shady 
meadows covered 
with tall grass, and 
its food consists of mice, birds, and probably frogs. 

Another well-known North American representative 
of the same genus claiming brief mention is the water- 
viper (A. piscivorus), which inhabits marshes, rivers, 
and lakes, and attains a length of nearly 5 feet. From 
the copper-head this $pecies may be distinguished by 
the presence of two small smooth supplemental shields 
behind the parietals, and of numerous sm.ll scales 
between the 
hinder frontal 
and temporal 
Shields... The 
colour is very 
variable, but in 
the majority of 
specimens on a 
shining greenish 
grey ground are 
a larperior 
smaller number 
of dark bands 
somewhat — simi- 
lar to those of 
the copper-head. 

Always found 
5 in the neigh- 

bourhood of 

water, this snake 
extends southwards from North Carolina over the 
whole of North America and westwards so far as 
the Rocky Mountains. Feeding chiefly on fishes and 
frogs, it will also devour all animals that may happen 
to fall into the water and are not too large for its maw, 
while in the rice-fields it is the dread of the negroes. 
Not only is the water-viper feared by man, but it is 
shunned by all animals dwelling in or near water. 


94 


? 


DOLICHOSAURIA AND MOSASAURIA 
EXTINCT SEA-SERPENTS 


Derine the Chalk, or Cretaceous, period there existed 

two groups of marine reptiles which, although 
clearly referable to the order Squamata, come under 
the designation neither of lizards or snakes, and are 
accordingly regarded as representing suborders by 
themselves. The first of these groups is represented 
by a small snake-like reptile from the English Chalk, 
described under the name of Dolichosaurus, and 
typifying the suborder Dolichosauria. 


and the quadrate very loosely attached to the temporal 
region. Teeth were present on some of the bones of the 
palate, as well as on the margin of the jaws; those of 
the latter series being large, sharply pointed, and attached 
by expanded bases. The bones of the shoulder-girdle 
and pelvis were more or less imperfectly developed, and 
the limbs, although conforming in general structure 
to those of lizards, were modified into paddles or flippers, 
with the toes encased in a common skin, and devoid 


Unlike ordinary lizards, which have not more than 
nine vertebree in the neck, this« strange reptile has 
from fifteen to seventeen of these segments, while 
its hind limbs are characterised by having all the 
five metatarsal bones of the foot well-developed. 
The feet retain a generally lizard-like structure, the 
head is relatively small, and the whoie structure of the 
skeleton reveals a very generalised type of organisation. 
The vertebre have additional articulations like those 
of snakes. Remains of a nearly allied genus have been 
discovered in the Dalmatian representative of the Chalk, 
which takes the form of a hard, compact limestone. 

Whether such a 
creature as a “‘sea- 
SCLPEnt,-a Ane the 
proper sense of the 
word, exists at the 
present day is a 
question it would 
be unprofitable to 
discuss in this 
place; but that 
the Upper Creta- 
ceous seas were in- 
habited by gigantic 
snake-like reptiles, 
for which no better 
designation could 
possibly be sugges- 
ted, is an absolute 
certainty. They 
derive their name 
of mosasaurs from 
the circumstance 
that the remains 
of the typical Mo- 
sasaurus campert 
were first discovered 
at Maastricht, in 
Holland, on the 
bank of the Meuse. 

All these reptiles of the suborder Mosasauria are 
characterised by the elongated form of the body, the 
great relative size of the skull, which approximates in 
structure to that of the monitors among existing lizards, 
the nasal and premaxillary bones being welded together, 
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From a painting in the American Museum of Natur History 
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of claws. There were either nine or ten vertebrae in the 


.neck ;. and while in some cases the vertebrze resemble 


those of snakes, in other instances they lack the addi- 
tional articulations distinguishing the latter. The jaws 
were loosely articulated together in front, to admit of 
these voracious reptiles swallowing prey of large size ; 
and the white of the eye was furnished with a ring of 
bones comparable to that of ichthyosaurs. In addition 
to the typical Mosasauvus, there are numerous other 
generic types, such as Platecarpus, Liodon, Tylosaurus, 
and Clidastes. Mosasaurs seem to have inhabited the 
Cretaceous seas of all parts of the world, having been 
obtained from 
regions so far apart 
as England, New 
Zealand, and Ar- 
gentina ; and while 
some attained a 
length of between 
30 ‘and —-50 —‘teet; 
others were not 
more than 8 or Io, 
Then, again, while 
in some cases the 
jaws were armed 
with powerful teeth 
to their extremi- 
ties, other kinds 
had long, tooth- 
less beaks. 

These marvellous 
sea-serpents, which 
must have been 
the tyrants of the 
later Cretaceous 
seas, came to the 


fore just about the 

time that the fish- 

liza r ichthyo- 

3, re on the 

»,and flourished 

for a short period after the latter group had disappeared. 

Their reign was, however, of short duration, as they 

were soon destined to give place to the ancestors of the 

modern Cetacea,-among which the killer can alone vie 
in voracity with these tyrants of the Cretaceous seas. 
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p® r to the reign of the sea-serpents of the Upper 
Cretaceous epoch the oceans of the world formed the 
hunting-grounds of two ordinal groups of marine 
reptiles, neither of which presents near kinship to any 
of the existing reptilian orders, while the two are in 
point of structure widely sundered from one another. 
These two groups 
are the fish-lizards, [ 
or ichthyosaurs, | 
and the plesiosaurs, | 
both of which made 
their first appear- 
ance in the Trias, 
or lowest strata of 
ihe Secondary 
epoch, and lived 
on till the close of 
the Chalk period, 
so that, like am- 
they are 


monites, 


absolutely characteristic of the Secondary epoch. 
Starting with insignificant beginnings—for their 


Triassic representatives were quite small reptiles—by 
the time of the succeeding Liassic period many -of 


the species had attained huge dimensions. Both 
groups were carnivorous, and both (like | other 
marine reptiles) produced _ their 


young alive. 

That ichthyosaurs and plesiosaurs 
are alike descended from land-reptiles 
is demonstrated not only by the 
stance that the earlier forms 


circum 
of each group are less specially 
modified for a marine life than is 


the case with their successors, but 
likewise by the absence in both 
groups of gills, which would certainly 
have been retained had their ancestors 
been aquatic. Owing to this ab- 
sence of gills the members of both 
groups had to come periodically to 
the surface to breathe. Although in 
the English Lias remains of ichthy- 


osaurs and plesiosaurs are found 
together, it is probable that while 
me of the former reptiles 1m in the open sea 
like whales, the plesiosaurs lurked in estuaries and 
sheltered bays near the coast. As to origin, it is 


possibl iat ichthyosaurs were more or less distantly 


relat to the ancestral tuateras, but nothing can be 
affirmed with re- 
gard to the 


relationships of 
the plesik 

More or less 
familiar to ae Ll 


Saurs. 


from the _ beauti- : 5 her nee Aen 
fully preserved : : De, ’ 
skeletons obtained Wii 
from the Lias of BO ees 
England and the : 
GConememt, spegi= ; 2 ; 
3 5 SKELETON OF FISH-LIZA HOW! 
mens-of which are 
exhibited in almost every museum, fish-lizards; as typified 
by the members of the genus Ichthyosaurus, were larg 


marine reptiles, with the naked body ck and 
whale-like, the neck extremely short, anc lin 
into paddles differing from those of othe 


modinec 


DIAGRAM OF FISH-LIZARD, SHOWING SKELETON AND FORM OF BODY AND FINS 
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members of the class in the structure of their 
skeleton. The skull is produced into a long snout, 


generally furnished with a full series of sharp teeth, 
and mainly formed in the upper jaw by the pre- 
maxillary, “or 
consequently 


front jawbones; and the nostrils are 
placed_close_to the eyes, which, like 
those of birds, were 
provided with a 
ring of movable 
bony plates. Supe- 


riorly the skull 
has a. hele) or 
foramen, in the 


parietal bones for 
a median parietal 
eye, while  pos- 
teriorly the upper 
and lower temporal 
arches are connec- 
ted behind the 
socket of the eye by a bone known as the supratem- 
poral, so that this portion of the skull is completely 
roofed over, as in the labyrinthodont amphibians. Then, 
again, the quadrate bone, with which the lower jaw 
articulates, is firmly united to the adjacent elements of 
the skull; while in the general relations of this bone 
and the bones of the palate thereis a 
marked agreement with the tuateras. 

The teeth are confined to the edges 
of the jaws, where they are implanted 
in distinct sockets, and generally have 
conical and fluted crowns, although 
more rarely they are compressed and 
smooth, with sharp cutting edges 
at the front and back. The-back- 
bone presents a_ nearly — similar 
structure, the vertebra, as shown in 
the figure on page 1471, consisting of 
short which may be either 
deeply cupped or nearly flat at the 
two ends. In the body and neck 
each of these vertebre carries a 
pair of tubercles on each side for the 
articulation of the forked ends of the 


discs, 


PART OF FORE PADDLE OF FISH-LIZARD ribs, but in the tail there is but one 


such tubercle, the ribs being single-headed. The ver- 
tebre are further remarkable for the absence of any 
bony union between the body or centrum (the part 
represented in the figure), and the arch enclosing the 
spinal marrow, so that these two portions are always 
found detached. 
The bones of the 
Shoulder-girdle 
much resemble 


¢ }) eee : NS those of lizards, 
oo y a a the collar-bones 
l) Wy m being well-deve- 
y J é eee loped, and the 
Bhaiges 3°64 ee T-shaped _ inter- 


clavicle resting on 
the lower surface 
of these and the 
coracoid bones. 
The limbs are quite unlike those of any other reptiles, 
the upper bone (humerus in the fore limb) being very 
short and thick, while below this the whole of the bones, 
: polygonal, 


another that the skeleton 


CAVITY OF RIBS 


YOUNG WITHIN 


_ +}, } > yr Honre re 
shown 1n accompeée ng figure, are 


und so articulated with one 
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of the paddles assumes a kind of pavement-like or 
mosaic structure. In most of the species the front 
paddles were much larger than the hind -pair, and 
while, in some cases, two longitudinal series of bones 
originate from the bone marked 7 in the figure, thus 
producing a very broad type of paddle, in other forms 
(as shown in the skeleton in the figure) only a single 
series articulates with that bone, and the whole paddle 
is consequently much narrower. 

Specimens like the one figured here show that while 
the soft parts of the paddle extended but a short 
distance im advance of the front edge of the bones, 
on the hind side they terminated in a wide fringe, thus 
forming a structure admirably adapted for swimming. 
Other examples indicate that the back of these reptiles 
was furnished with an upright triangular fin somewhat 
like that of a porpoise, while the extremity of the tail 
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shore as a regular dwelling-place, it still resorted 
thereto on occasion, and probably swam in shallow 
water in place of frequenting the open sea. In contrast 
to this are the highly specialised representatives of the 
Middle Oolitic Ophthalmosaurus which were evidently 
adapted to play the part in the Jurassic oceans of the 
whales of the present day. Even these, however, 
display great simplicity of structure in all parts of 
their organisation except those specialised for swimming, 
and it is thus evident that ichthyosaurs trace their 
ancestry to an extremely generalised type of reptile, 
while it is equally clear that the group is one of the 
oldest in its class. 

Our knowledge of the mode of life of the fish-lizards 
has been summed up by the great American naturalist, 
Professor H. F. Osborn, who, after tracing the ichthyo- 
saurian paddle into a limb of the type of that of 
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From the specimen in the British (Natural History) Museum 


was expanded into a vertical fin, of which the lower 
lobe contained the terminal portion of the vertebral 
column. 

Many of these reptiles attained a length of from 30 to 
40 feet ; and the group flourished throughout the whole 
of the Secondary epoch, that is to say, from the period 
of the Trias, or New Red Sandstone, to that of the 
Chalk, most or all of the forms from the first-named 
deposits being of a more generalised type than those of 
later date. 

The Triassic representatives of the Ichthyopterygia 
differ from their successors of the Jurassic and 
Cretaceous epochs for the most part by the less 
special adaptation to the exigencies of a purely aquatic 
mode of life, thereby bringing them into closer con- 
nection with less specialised land-reptiles. What their 
terrestrial ancestor may have been is, however, still 
unknown, but it probably existed at least so early as 
the Lower Trias. 

By the middle portion of that period we find an 
undoubted aquatic form (Cymbospondylus), which 
retains, however, sufficient indications of affinity with 
a land-reptile to give a clue to the origin of the group. 
Although this reptile had probably abandoned the 


the existing terrestrial tuatera (Sphenodon) of New 
Zealand, which is regarded as nearly related to the 
ancestral stock of the group, points out that these 
reptiles had a dorsal and a caudal fin, a naked scaleless 
skin, and a spiral valve to the intestine, similar to that 
of sharks; while, from the inclusion of skeletons oi 
foetuses within the ribs of full-grown individuals, it is 
evident that they produced living young. This 
viviparous condition is, of course, an adaptive modifi- 
cation, similar to that which occurs in the sea-snakes of 
to-day, «rendered necessary by the pelagic habits of 
these reptiles. 

The similarity in bodily form existing between 
sharks, dolphins, and fish-lizards is another instance 
of such an adaptive modification. One of the small 
American Triassic representatives of the group was 
originally called Shastosaurus, but the name has 
been changed, on account of pre-occupation, 
Merriamia. 

The restored specimen shown on page 1596 is the 
typical broad-paddled Ichthyosaurus communis. On 
the other hand, the skeleton shown on this page is that 
of one of the species, I. tenut-rostvis, with paddles of a 
longer and more slender type, 
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ORDER SAUROPTERYGIA . 
PLESIOSAURS, OR LONG-NECKED MARINE LIZARDS 


HE extinct marine reptiles known as plesiosaurs, or 
long-necked marine lizards, whose range in time 
embraced the whole of the great Secondary period, 
during which were deposited the vast series of strata 
extending from the Chalk downwards through the 
Oolites to the Lias and Trias, resemble tortoises in that 
all or nearly all of the ribs of the back are articulated 
to the vertebree by single heads, and in the absence of 
hook-like (uncinate) processes to the ribs, as well as in 
the want of a breast-bone, or sternum. In the skull 
the quadrate bone is immovably 
fixed, and the palate more or less 
completely closed ; while the lower 
bones of the pelvis are expanded 
into large flat plates. 

The lower surface of the body 
was protected by a series of 
abdominal ribs, each composed of 
three pieces, forming a forwardly- 
directed angle, and the whole 
corresponding to the plastron of 
tortoises and turtles. The skull 
has only a lower temporal arch, 
and the jaws are furnished with a 
number of pointed and_ grooved 


reptiles. In the typical plesiosaurs (Plesiosaurus) of 
the Lias the ribs of the neck articulate to the vertebre 
by two heads; whereas in the genera Cryptocerdus 
and Murenosaurus of the Oolites and Cimoliosaurus 
of the Chalk, the ribs, as shown in the figure of a neck- 
vertebra, are single-headed. vo 
Some of these reptiles were of huge size, attaining a 
length of between 30 and 4o feet ; and in certain of the 
species from the Cretaceous strata the neck much 
exceeded the body and tail in length, containing as 
“ many as forty vertebre. Marine 
and carnivorous in their habits, 
these formidable reptiles probably 
lurked in shoal-water, whence they 
darted their long necks to seize 
passing fishes in their jaws. In 
all the groups mentioned above 
the head was comparatively small, 
but in the huge pliosaurs (Plio- 
saurus) of the Upper Oolitic 
strata the skull was of enormous 
size, attaining in some instances a 
length of 6 feet, and the neck 
proportionately short and thick. 
The teeth in this genus had more 
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teeth, implanted in distinct © 
sockets; one of such teeth being 


AND SIDE 


or less triangular crowns, and in 


VIEWS OF NECK- some cases, inclusive of the root, 


figured on page 1470. The neck MAG SONNE ONS per oe ete ees measured quite a foot in length. 
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was generally much _ elongated, ieee ote eee In the Chalk the pliosaurs were 
and its vertebre are peculiar in represented by fPolyptychodon, 


that the ribs which may have either single or double 
heads, are articulated only to the body of each vertebra 
(as shown in the accompanying figure). In this 
respect they differ widely from those of crocodiles, 
which always have two heads, the lower articulated 
to the body, and the upper to the arch of the vertebra. 

Throughout the backbone of the plesiosaurs the 
bodies of the vertebre have either nearly flat or slightly 
cupped articular surfaces; and in the region of the 
back each pair of ribs is articulated to a process arising 
from the arch of each vertebra. Although there are 
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characterised by .the heavily-fluted conical teeth. 
There were other and smaller representatives of the 
pliosaurs in the Upper Oolites, such as Peloneustes 
and Szmolestes, in which the neck was longer. 

As is the case with all the higher aquatic vertebrates, 
there is evidence to show that plesiosaurs were originally 
derived from land-animals ; the representatives of the 
group found in the earlier (Triassic) Secondary rocks 
having limbs departing much less widely from the 
ordinary type than those of the Liassic forms, and 
bearing claws at the extremities of their digits. In the 
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From the Oxford Clay of the Jitrassic period, near Peterborough 


other interesting features in these reptiles, those 
mentioned distinguish them from crocodiles and dino- 
saurs on the one hand, and tortoises and turtles on the 
other. 

With regard to the various groups into which the 
order is divided, it may be mentioned that in the typical 
forms, constituting the family Plesiosauride, the 
limbs, as shown in the figure above, are converted 
into flattened paddles, with a shortening of the bones of 
the upper segments, and an increase in the number of 
bones corresponding with those of the toes of ordinary 


small Lartosaurus, which measured about a yard in 
length, the limbs appear to have been somewhat inter- 
mediate in structure between the clawless paddles of the 
true plesiosaurs and those of more ordinary reptiles ; 
and these early plesiosaurs were probably amphibious 
in their habits, spending part of their time on land, and 
part in the water. The Triassic Neusticosaurus had 
limbs of very similar type, but in the contemporaneous 
Nothosaurus and Simosaurus the limbs were better 
adapted for walking, from which it may be inferred 
that their owners were still more terrestrial in habits. 
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ORDER CHELONIA 
GENERAL CHARACTERISTICS OF TORTOISES AND TURTLES 


MONG all the existing reptiles the most easily defined 
are those commonly known as tortoises and turtles, 
and technically as Chelonia, since the presence of a 
more or less fully developed bony shell investing the 
body, and containing within it the upper portions of 
the limbs, at once separates them from all other 
members of the class. Indeed, so utterly strange is the 
conformation of 
these extraordinary 
reptiles, that if they 
were met with only 
in the fossil state 
they would inevit- 
ably be regarded as 
among the most 
marvellous of all: 
creatures. Here, 
however, as else- 
where, the  time- 
honoured proverb 
holds good, and 
familiarity from 
childhood with the 
common European 
land-tortoise un- 
doubtedly tends to 
render us inappreci- 
ative of the marvel- 
lous bodily conforma- 
tion of this group 
of reptiles. f 

Although) the pre. ses wrie 
sence of a _ bony 
shelly is, 10f itself 
sufficient to distinguish the members of the group 
from other living reptiles, it is necessary to add some- 
what to this in order to give a comprehensive definition 
of the order. Theskull resembles that of the crocodiles 
in that the quadrate-bone, with which the lower jaw 
articulates, is firmly wedged in among 
the adjacent bones, to which its rela- 
tions are, however, somewhat different. | 
Unlike those of all crocodiles, the jaws | 
are entirely devoid of teeth and encased 
with horn, so as to form a cutting beak, 
which is invariably short. A further 
peculiarity in the skull of a tortoise is 
to be found in the presence of a greatly 
developed median spine, marked sup in 
the figure, projecting backwards from 
the hind region, externally to which is 
a pair of shorter processes. 

In other respects the skull is extremely 
variable, the sockets of the eyes being 
sometimes surrounded by bone, while 
in other cases they are open behind. 
Sometimes, moreover, the bony roof 
behind the eye-socket may be prolonged 
backwards so as to cover the whole of 
the region marked far.- There is an a 
equal degree of variation in regard to the position of 
the posterior or inner nostrils, which sometimes open 
on the palate close behind the beak, while in other 
cases they may be situated, as in living crocodiles, 
close to the hind extremity of the skull. 

A most important feature in the structure of these 
reptiles is to be found in the circumstance that the 
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UPPER VIEW OF SKULL OF 
A SOFT TORTOISE 


ribs have but a single head apiece, and that the 
anterior ones articulate at the junction between 
two of the vertebrz, so that one portion of the head is 
applied to one vertebra and the other portion to the 
adjacent vertebra. The bony shell consists of an upper 
portion or carapace, and of an inferior portion, 
covering the lower aspect of the body, which is termed 
the plastron. 


When the shell 
| attains its fullest 
| development, the 
upper and lower 
moieties are com- 
pletely connected 
together, as shown 


in the figure of the 
skeleton of a land- 
tortoise: on page 
1600; but in certain 
groups the two re- 
main more or less 
separate, and in some 
cases the lower shell 
is but very slightly 
developed. More- 
; over; while the 
| Carapace is generally 
* immovably welded 
to the vertebre of 
the back and the 
ribs, in the leathery 
turtle it is’ com- 
pletely separate from 
both. In its fullest 
developed form, the shell consists of a series of bones 
articulating with one another at their edges by finely 
interlocking sutures, and thus forming a continuous 
whole, capable of increasing in size by growth at the 
edges of its component elements. 

In the carapace the bones iorming the 
middle of the back are formed by expan- 
sions growing from the spies of the 
vertebra, while the large lateral plates 
grow upon the ribs, from which they are 
inseparable. Within the cavity thus formed 
are placed the bones of the shoulder and 
pelvis, to which are respectively articu- 
lated the arm-bone and. thigh-bone,.so 
that, as shown in the.figure of the skele- 
ton, these bones actually come within the 

| ribs, instead of being external to them, 
as in all other living verteb' ate animals. 
At the fore and hind extremities of the 
shell are left large apertures, through 
which are protruded the head and neck, 
the fore and hind limbs, and the tail 
A large number of tortoises are able to 
retract the head, neck, limbs, ai tail 
within the margins of the sl the 
apertures of which are then completely 
blocked ; such portions of the head and limbs as are 
exposed being protected by horny shields. 

With the exception of the marine leathery turtles, 
the fresh-water soft tortoises, and one other species, in 
which it is invested merely with a continuous leathery 
skin, the shell of chelonians is covered with a number 
of horny plates, which, in the adult state at least, are 
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HARMSWORTH NATURAL HISTORY 


in contact with one another by their edges. As these 
horny shields are very important in determining the 
different species of tortoises, it is essential to enter in 
some detail into their mode ofearrangement, and the 
names by which they are known. In the carapace of an 


ordinary tortoise, such as the one represented in the 
left-hand illustration on this page, it will be found that 
the middle line of the back, exclusive of the margins, is 
occupied by a single row of large polygonal shields, 
these shields, which are 


symmetrical in themselves ; 
marked v in the accom- 
panying diagram, being 
known as the vertebrals. 
On each side of this 
median series of verte- 
bral shields is another 
row of shields (c), which 
are not symmetrical in 
themselves, and = are 
termed costals. The 
extreme margins of the 
carapace are formed by 
a large series of much 
smaller shields, of which 
the anterior unpaired 
one (nu) is termed the 
nuchal, and the posterior 
one (ca), which may be 
either single or double, the caudal. Between the nuchal 
and the caudal runs aseries, generally eleven in number on 
each side, designated the marginals (m). These same 
marginal shields, being angulated, pass over the edges 
of the middle portion of the shell, and thus cover the sides 
of the middle of the plastron, or lower shell, as shown in 
the right-hand figure of the accompanying diagram. The 
shields of the plastron proper are generally arranged in 
pairs, which may be termed, beginning at the front, 
gulars (gu), humerals (hu), pectorals (pc), abdominals (ab), 
femorals (fe), and anals ; 
(an). In some cases, 
as will be illustrated 
in the sequel, the two 
gulars may, however, 
be separated by a 
single <«ntergular ; 
while, as in the accom- 
panying diagram, 
there is frequently an 
inguinal shield im- 
mediately in advance 
of each notch for the 
hind limbs. Some- 
times there is also a 
series of <inframar- 
ginals separating the 
marginals from the 
plastron. 

This disposes of the 
superficial horny 


SKELETON OF 


in number, size, or shape, these underlying bones 
correspond very closely with the overlying horny shields. 

In the middle line of the carapace, for instance, is a 
series of polygonal plates, symmetrical in themselves, 
and attached to the summits of the vertebrae, which are 
known as neurals, these being clearly indicated in the 
figure referred to. In front the series is completed by 
a large nuchal plate, having no connection with the 
backbone, while, behind, it terminates in one or two 
pygals, which are likewise perfectly distinct from the 
underlying vertebre. 
Externally to the neurals 
are placed on each side 
the eight costal plates, 
so named from being 
attached to the ribs; 
the inner halves of these 
plates being alone visible 
in the shell figured on 
page 1599, which be- 
longed to a rather aged 
animal. Finally, the 
edges of the carapace 
are formed by the mar- 
ginal plates, which, like 
the horny shields simi- 
larly named, are angu- 
lated, and form the 
lateral borders of the middle portion of the plastron. 

In the plastron itself the anterior portion is formed 
by a pair of plates, known as the ep7plastrals, correspond- 
ing to the collar-bones, or clavicles, of other verte- 
brates ; while between or behind there is a single unpaired 
entoplastral element, which may be either dagger- 
shaped or rhomboidal, and represents the interclavicle 
of less specially modified reptiles. The remainder of 
the plastron is formed by three pairs of plates, respec- 
tively known as the hyoplastrals, hypoplastrals, and 
xtphiplastrals, of 
which the latter or 
hindmost and generally 
more or less deeply 
notched or _ forked. 
These three elements 
appear to correspond 
to the so-called ab- 
dominal ribs of croco- 
diles, and it will 
thus be evident that 
chelonians have no 
representative of the 
breast-bone, or 
sternum. In certain 
groups there may be 
an additional pair of 
bones—the mesoplas- 
tvals—intercalated be- 
tween the hyoplastrals 
and hypoplastrals. 
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words are necessary with regard to the bony elements 
underlying the shields and forming the shell of a tortoise. 
On stripping off the horny shields from the carapace of 
a tortoise, the underlying solid shell, as shown in the 
right-hand illustration on page 1599, will be seen to be 
marked by a series of channels corresponding to the 
borders of these same shields. If the shell be not that 
of a very aged animal, there will be seen, in addition, a 
number of finely jagged sutures, marking the divisions 
between the component bones ; and it will be noticed 
that in their general plan of arrangement, although not 


a great amount of variation, some of them, like the 
land-tortoises, having the feet adapted for walking, 
while in the turtles the entire limbs are modified into 
paddles for swimming. In-some cases each of the five 
toes may be furnished with strong, curved claws, but 
in other groups, like the soft-tortoises, ouly three are 
thus armed. As a general rule the nuraber of joints 
in the toes of the fore limb, counting from within 
outwards, is 2, 3, 3, 3, 23, while in the hind limb they are 
more generally 2, 3, 3, 3, 2, although in a few species the 
number is the same as in the fore limb. In both limbs 
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CLASSIFICATION OF TORTOISES AND TURTLES 


the number of these joints may, however, be reduced, 
but, except among the soft-tortoises, they are never 
Very generally, the surfaces of the limbs, 


augmented. 
especially the anterior ones of the front 
protected by horny plates of variable size, 
which, among the _ land-tortoises, may be 
underlain by nodules of bone. 

In habits the members of the order 
display as much diversity as in structure ; 
some being carnivorous and other _her- 
bivorous, while some are marine, others 
fresh-water, and others, again, more or less 
exclusively inhabitants of dry land. All, 
however, are fond of water, and even the 
most strictly terrestrial species can swim. 
In nearly all cases the eggs are hard-shelled ; 
and these are invariably deposited on land, 
the turtles resorting to the shore at certain 
seasons for this purpose. Land-tortoises 
and turtles lay round eggs, but those 
of most of the fresh-water terrapins are 
cylindrical. 

As regards distribution, tortoises are 
especially characteristic of the warmer parts 
of the globe, only six species inhabiting 
Europe, and these being confined to the 
more southern and eastern countries. The 
various groups and families are, however, 
by no means equally distributed over the 
different regions of the globe. The side- 
necked tortoises, for instance, 


confined to the Southern Hemisphere, 


Australia are the only representatives of the order ; 


are now exclusively 


pair, are 
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whereas the S-necked group attains its 
development in the opposite half of the world, although 
represented in many countries lying to the south of 
the Equator. 


the other 
amount of tortoiseshell furnished by a few other 
species is, however, used. 


greatest 


The soft river-tortoises, again, are con- 
fined to the waters of Asia, Africa, and North 
America, being totally unknown both in 
South America and Australasia. 

Giant land-tortoises within comparatively 
recent times have been mainly confined to 
what are known as oceanic islands, although 
they formerly occurred on most of the large 
continents ; while the smaller members of 
the same genus (Testudo) are far more 
numerous in South Africa than they are in 
Asia. Geologically the order is a very 
ancient one, being represented throughout 
the whole of the Secondary period, and 
thus beginning at a date when true crocodiles 
are not known to have come into existence. 


As to the origin of the group, nothing 
definite is at present known. 
Chelonians may be divided into three 


main groups, or suborders, severally desig- 
nated S-necked tortoises (including the 
turtles), side-necked tortoises, and _ soft- 
tortoises. 

The only members of the order of any 
real commercial value are two species of 
marine tortoises, one of which takes an 
important place in culinary affairs, while 
is the source of tortoiseshell. A small 
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PETIA ELOL DOING ere atelehe  etetsiavaecrsks'0.'s/° . iberz i, 
Grecleitortoise ey..-te at cor T. marginata pen FAMILY 2 
Leith’s tortoise ...............-.+.. Te, leithi es acat Platysternidss 
ee) sore PE, 5 ee an Fy See Sculptured terrapin ...... Clemmys insculpta GENUS 
Forsten s YES Bae a2 ac ; sas | MBCA terra pines \oceeeeermetee C. bealei Platysteraum 
BONS OLAS) MOXIOEY wool Ronee > ae e Eee a Caspian terrapin ................ C. caspica SPEOIES 
REG T. one rece Wherian’ Vereapim yeas ir isle C. leprosa Big-headed tortoise ........ Platysternum 
2 a a a Japanese TEILApPIN 227.656. ccs ee ne C. japonica megacephalum 
GENUS GENUS 11 
Homopus Thick-necked Terrapins—Bellia FAMILY 3 
__ SPECIES SPECIES ye. Mud-Terrapins—Cinosternidie 
Areolated tortoise ...... Homopus areolatus [hick-necked terrapin ..... . Bellia crassicollis GENUS 
H.iemoralis Bornean thick-necked terrapin .. B. borneénsis Mud-Terrapins—Cinosternum 
H. signatus GENUS 12 SPECIES 
ee Bose Damonia Pennsylvanian mud-terrapin .. Cinosteraum 
GENUS 3 _ SPECIES ’ ‘ ; pennsylvanicum 
Hinged tortoises—Cinixys Hamilton’s terrapin .... cpamonle hamiltoni FAMILY 4 
SPECIES GENUS 1: temydidsze 
Dentated hinged tortoise ...... Cinixys erosa Malacoclemmys pies 
Home’s hinged tortoise .......... C. homeana _ SPECIES ' Decpatentt : 
Bell’s hinged tortoise .,.,,.,-,..-C. belliang Salt-water terrapin .. Malacoclemmys terrapin \ 
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GENUS 2 


SPECIES SPECIES 
Mayw’s: terrapin: o........% Dermatemys mawi Leathery turtle ....... Dermochelys coriacea Pelomedusa 
GENUS 2 = * GENUS 3 
pana K res Hi 8 Sternothzerus 
GENUS elyidee 
Claudius GENUS 1 FAMILY 10 
Chelys Carettochelyd«e 
FAMILY 5 : SPECIES a GENUS 
Snappers and Alligator-Terrapins—Chelydride Matamata tortoise . crue .Chelys fimbriata Carettochelys 
GENUS 1 GENUS 4 SPECIES 
Alligator~Terrapins—Chelydra Snake-necked Tortoises—Hydromedusa Fly River turtle . Carettochelys insculpta 
SPECIES SPECIES 


Alligator-terrapin ...... Chelydra serpentina Snake-necked tortoise \....... Hydromedusa VAMILY 11 
Mexican alligator-terrapin...... C. rossignonii maximiliani Soft Tortoises—Trionychidz 
GENUS 2 Argentine snake-necked tOxtoise .. H. tectifera GENUS 1 
Snapper—Macroclemmys Qpnus 3 Trionyx 
. : P SPECIES Ai Australian long-necked Tortotses—Chelodina SPECIES ; 
Temminck’s snapper ........ Mectuce ~ GENUS 4 Gangetic soft tortoise .... Trionyx gangeticus 
~ temmincki Rhinemys Nilasott tortoiee ... 6 6 nccaen seuss T. triunguis 
FAMILY 6 GENUS 5 Phayré’s soft tortoise............ T. phayrei 
Turtles—Chelonide Hydraspis American soft tortoise ...........+4+ T. ferox 
GENUS .1 GENUS 6 GENUS 2 
Chelone Platemys Pelochelys 
SPECIES SPECIES 
Green tarde yw ieee st ee Chelone mydas GENUS 7 Cantor’s soft tortoise .... Pelochelys cantori 
Hawhkshir turtié 2 .cse wees C. imbricata Emydura anon 
4 GENUS 2 GENUS 8 Chitra 
Thalassochelys Elseya = SPECIES 
re SPECIES Hite ‘hi - ae 
Loggerhead .......... Thalassochelys caretta FAMILY 9 .The chitra™....... ret ee ri --++ Chitra indica 
Mexican loggerhead .............- T. kempi Pelomedusidze GENUS 
GENUS 1 Emyda- 
FAMILY 7 Podocnemis GENUS 5 
Leathery Turtles—Dermochelyide SPECIES Cycloderma 
GENUS Aran tortoise ...6..53.. Podocnemis expansa GENUS 6 
Dermochelys P. sextuberculata - Cyclanorbis 


LAND-TORTOISES 


TH land-tortoises (Testudinide), together with the 

greater number of the fresh-water tortoises, or terra- 
pins, of the Northern Hemisphere, as well as_ their 
southern allies, collectively constitute one of several fami- 
lies belonging to the first great group of the order. From 
the circumstance that all its members are so con- 
structed as to be able to withdraw their heads within 
the margins of the shell by bending and retracting 
the neck in an S-like manner in a vertical plane, the 
group ate designated S-necked tortoises; their 
scientific designation being Cryptodira. Since, how- 
ever, the soft-tortoises likewise retract their heads and 
necks in a similar manner, it is obvious that this 
character alone will not suffice to define the group, 
and it must accordingly be sup- 
plemented by others. 

Although the degree of ossifi- 
cation of the shell is very variable 
in the group, the carapace and 
plastron being in some cases 
welded into a complete box, and 
in other instances separate, yet 
with the exception of the leathery 
turtle and some of its extinct 
relatives, there is invariably a 
complete series of marginal bones, 
connected with the ribs; the 
presence of the full series of 


marginals, together with the 
S-like retraction of the neck, being sufficient to 


distinguish the group. A peculiarity in which the 
members of the group differ from those of the next 
one, is to be found in the circumstance that the bones 
of the pelvis remain throughout life unconnected with 
the plastron ; while in the greater number of cases the 
latter comprises only six pairs of horny shields, there 
being no intergular shield between the first pair, or 
gulars. 

The skull is characterised by the tympanic ring (¢ 
in the accompanying figure) having a notch in its 
hind border, and also by the condyle of the quadrate 
bone fitting into a hollow at the hind end of the lower 
jaw. This S-necked group includes the marine turtles, 
and all the tortoises of the Northern Hemisphere, with 


SIDE VIEW OF SKULL OF LAND-TORTOISE WITH 


LOWER JAW REMOVED 
#, tympanic ring. 


AND TERRAPINS 


the exception of the soft river-tortoises, and thus com- 
prises by far the greater number of the living representa- 
tives of the entire order. Although well represented in 
Africa and South America, the group is quite unknown 
in Australia. 

The land-tortoises and terrapins, constituting the 
family Testudinid@, are characterised by having the 
shell well-developed and of a more or less ovoid shape ; 
by the plastron being connected with the carapace 
either by astraight articulation or by means of sutures, 
and by the absence of an intergular shield in the front 
of the latter. The limbs are adapted more or less 
completely for walking, and are never modified into 
paddles ; and the head is capable of complete retrac- 
tion within the margins of the 
shell. A very important struc- 
tural feature in the shell is that 
the nuchal, or unpaired median 
bone in the front of the carapace, 
does not send back processes 
underlying the marginal bones 
of the same; while in the tail 
each vertebra has a cup in front 
of its body or lower portion, and 
a ball behind. 

None of the members of the 
family is marine, but while some 
are inhabitants of the land, others 
‘are_more or less exclusively 
dwellers in fresh-water. There are, moreover, equally 
important differences in regard to their food, all the 
land forms being herbivorous, while of those frequenting 
the water some subsist on vegetable and others on 
animal substances. 


LAND-TORTOISES 


By far the most numerously represented genus of 
the whole family is the one including the typical, or 
land-tortoises (Testudo), of which there are rather more 
than forty existing species (counting a few that have 
been exterminated within the historic period). These 
tortoises, of which a few are more or less aquatic in 
their habits, have the upper and lower portions of the 
shell completely welded together, the former being 
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frequently very convex and much vaulted ; while the 
top of the head is covered with large horny shields. 
The limbs, which are entirely adapted for walking, are 
of a club-like form, and covered with large horny scales 
or tubercles ; their toes being unwebbed and furnished 
with strong, claw-like nails. The tail is always short, 
and its proportionate length is not greater in the 
young than in the — 

adult. 

More important 
characters are, how- 
ever, furnished by the 
bony shell and skull, 
to observe the former 
of which it is of course 
necessary that the 
horny shields should 
be stripped off. Ina 
shell thus treated it 
will be seen that the 
unpaired median 
neural bones of the 
carapace are relatively 
short and wide, and 
so arranged that a 
four-sided one is 
interposed between 
two that are octa- 
gonal, although in 
some cases the ma- 
jority of these bones 
are hexagonal; the costal, or lateral, plates are 
alternately narrow above and broad below. As 
a rule, the line dividing the costal horny shields 
from the marginals coincides with the suture between 
the corresponding bones of the carapace, whereas in the 
other members of the family one is above the other ; 
while a further peculiarity of most species of the genus 
is that there is but a single caudal horny plate at the 
hind end of the carapace. 

In the skull the palate is provided with one or two 
ridges on each side, and the hind aperture of the nostrils 
is situated on the line of the eyes. It may also be 
mentioned that, as in the majority of the representa- 
tives of the order, the form of the shell differs con- 
siderably in the two sexes ; the male having the central 
region of the plastron deeply concave, while in the 
female it is flat or slightly convex. The shell is more 
or less vaulted, and the eggs are spherical. 

The typical land-tortoises are distributed over 
Southern Europe and Asia, the whole of Africa, the 
southern portions of North America, and South 
America (inclusive of the Galapagos Islands). They 
are strictly herbivorous in their diet, and certain 
species now confined to oceanic islands attain gigantic 
dimensions, and are by far the largest representatives 
of the family. The species inhabiting colder regions 
hibernate during the inclement season by burrowing 
in the ground, whereas those found in more genial 
climates are active throughout the year. All the 
species appeat to be diurnal in their habits, and 
although they are all fond of water, the common 
European species always withdraws into its shell at 
the slightest shower. These reptiles will live to an 
enormous age, which, in some instances ait least, may 
be reckoned by centuries. The species of this exten- 
sive genus may be arranged under seven groups, of each 
of which representative species are noticed below. 


GOPHER TORTOISE 
The land-tortoises of North America include three 
species, of which one of the best known is the gopher 
tortoise (T. polyphemus) of the south-eastern United 
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States. All these species may be easily recognised 
by the anterior extremity of the palate of the skull 
having a median longitudinal ridge, instead of the 
deep pit characterising all other members of the 
genus. 

In the gopher tortoise, as well as in the allied Agassiz’s 
tortoise (T. agassizi), the length of the shell is more 
than twice its height, 
while:the beak 
is not hooked 
and the fore limb is 
broadest at its ex- 
tremity. 

On the other handy 
in Berlandier’s tortoise 
(I. bevlandiert), from 
Mexico and Texas, the 
shell is proportion- 
ately shorter, the beak 
is hooked, and _ the 
fore limb widest at the 
elbow. These species 
are all of small size, 
not exceeding Io inches 
in length. 


BRAZILIAN TORTOISE 


The Brazilian tor- 
: toise (Z. tabulata) 
Photo, W. B. Johnson represents a group by 

itself, characterised by 
the carapace being much elongated and somewhat 
depressed, with its margins not everted, and the general 
colour dark brown or black, with a yellowish centre 
to each of the shields on the back. The nuchal 
shield of the carapace is wanting, and in the plastron 
the gular shields, although well-developed, are prolonged 
anteriorly into horn-like processes. The head and limbs 
are marked with orange or red spots on a dark 
ground. 

This handsome tortoise, which attains a length of 
nearly 22 inches, is an inhabitant of tropical South 
America to the east of the Andes, and also of the 
Windward Islands, ascending to an elevation of about 
two thousand feet. In many wooded districts it 
appears to be very abundant, feeding not only on 
leaves and grasses, but likewise on the fallen fruit 
which is to be met with in great quantities. In the 
hot season it constructs a nest of dry leaves, wherein 
are deposited its eggs, which may be a dozen or two 
in number. When first hatched, the young are of a 
uniform yellowish brown colour, with their shells 
still soft. The young, and to a less degree the adults, 
have numerous enemies. : 

Against the puma and jaguar the stout shellof even 
the adult seems to be no defence, since, according to 
native reports, those animals, on finding one of these 
tortoises, will set it up on end and scoop out the 
flesh with their paws; while from the occurrence. of 
broken shells in the forest it seems that in some cases 
they are actually able ‘to tear the plastron away 
from the carapace. As the flesh is devoid of smell, 
it is likewise eagerly sought after by both Indians 
and Portuguese, who are in the habit of keeping these 
tortoises—known in Brazil by the name of schabuti— 
in stews, where they are fattened for the table. They 
are also allowed to run about the houses, where they 
are fed chiefly on plantains. 


BROWN AND LEOPARD-TORTOISES 


The five species belonging to the third group, of 
which the Burmese brown tortoise (Z. ems) is a well- 
known example, are characterised by the presence 
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of some very large conical, bony, spur-like tubercles 
on the lower portion of the hind leg, and the circum- 
stance that the length of the union in the middle 
line of the anal shields of the plastron is considerably 
less than that of the abdominal shields, the colour 
of the carapace in: the: adult -being: either uniform 
brownish or yellowish brown closely spotted with black, 
The: Burmese: brown tortoise, which attains a length 
of 18 inches, while agreeing with the species above 
noticed in the possession of a nuchal shield on the 
front of the carapace, differs in that the caudal shield 
at the hind extremity of the same is divided, as in 
the terrapins. 

The shell of ‘this species is much depressed, with 
the anterior and. posterior borders of the carapace 
serrated, the adult being dark brown or blackish in 
colour, while in the young the carapace is yellowish 
brown, with dark brown markings. In addition to 
the spur-like tubercles on the back of the heel, the 
whole of the front of the fore limb is covered with 
overlapping bony tubercles, -arranged in four or five 
longitudinal. rows, and there are some conical ones 
on the back of the thigh, as well as others on. the 
lower: Surface .of- —_— ee 
the hind foot. This 
species is an in- 
habitant of Assam, 
Burma, Siam, the 
Malay Peninsula, 
Borneo, and 
Sumatra, where it 
frequents moist 
wooded districts, 
and is aquatic in 
habits. The associa- 
tion of a divided 
caudal shield, with 
habits resembling 
those of terrapins, 
is distinctly note- 
worthy. The allied 
T. pseudemys is 
from the Malay 
Peninsula. 

In the other four 
members of this 
group the nuchal 
shield is wanting, 
and the caudal 
single. Of these, the Argentine tortoise (T. argentina), 
of South America, and the spurred tortoise (7. calcarata), 
of Africa, are characterised by their flattened and 
uniformly brownish-coloured carapaces. 

A. specimen of the spurred tortoise from the Sudan 
-pitsarved ut the British Museum has a shell measuring 
35 inches along the curve and 29 inches in a straight 
line, and still larger examples are believed to exist, 
These tortoises almost completely bury themselves in 
the sand of the desert during the day, and wander 
about at night, so that they are seldom captured. 

On the other hand, the handsome. leopard-tortoise 


(Lf. pardalis), of Southern Africa, has the carapace 
highly vaulted. and closely spotted with black upon 
a yellowish brown ground, its anterior margin’ being 


very deeply notched. This species also grows to a 
large size. 

Here it may be mentioned that the remains of a 
giant land-tortoise ({. ammon) have been obtained 
trom the Eocene of the Fayum district of Egypt. 
The especial interest of this form is its antiquity, 
which far exceeds that of all other known members 
of the group. It is probably the ancestral form of 
the giant tortoises met with in several European Tertiary 
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horizons, and it is possible that the African T. pardalis 
may be a small survivor of the group, to which the 
extinct Indian 7. atlas and T. cautleyt and the exist- 
ing I. sumeivei (the well-known giant tortoise of 
Port Louis referred to on page 1607) may also pertain, 
all these species agreeing in the horn-like prolongation 
of the epiplastrals. 


STARRED TORTOISES 


The fourth group comprises about ten very beauti- 
fully coloured small or medium-sized tortoises, the 
majority of which are confined to South Africa, 
although the species 7. elegans is an inhabitant of 
India ‘and Ceylon. All these tortoises are easily 
recognised by the carapace. being extremely convex, 
and either black in colour, with yellow lines radiating 
from the centre of each of the shields of the back, 
or yellow or brownish marked with radiating black 
lines. Frequently, moreover, the shields of the back 
are swollen, so as to form more or less prominent 
bosses. : 

The Indian species, Yegether with the allied 
T. platynota of Burma, is distinguished from the other 

: members of the 
group by the ab- 
sence of the nuchal 
shield at the front 
of the carapace. Of 
the other. species 
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4 _ nearly all are. South 


African, although 
the . radiated ~ tor- 
toise. (T. vadtata) is 
from Madagascar. 
One of the best- 
known members of 
the group is the 
common geometric 
tortoise (I. geo- 
metrica) of the Cape, 
which attains a 
length of some 5% 
inches. 

In the eyed tor- 
toise (I. ocultfera) 
the pectoral shields 
of the plastron may 
meet -in_ the 

middle line, as is 
the case in some individuals of the Burmese brown 
tortoise. While the Indian starred and the African 
geometric tortoise. have the carapace. black, with 
narrow yellow rays, in the eyed tortoise the markings 
take the form of brownish yellow and dark brown rays 
of nearly equal width, 

The Indian starred tortoise is comparatively common 
in dry, hilly districts, where it inhabits the high grass 
jungles at the foot of the hills. Nevertheless, these 
reptiles are by no. means easy. to find, owing to their 
colour and appearance harmonising so closely with 
the rocky ground, and from their habit of remaining 
in concealment beneath shrubs or. tufts of grass.during 
the heat of the day. They are tracked by the Bhils 
of Meiwar to their hiding-places by following the 
trail of their footsteps in the dry sand, the same method 
being employed by some of the wild tribes of South 
Africa in the case of the allied species inhabiting that 
continent. 

In the rainy season the starred tortoise is, however, 
extremely active, and wanders about in search of food 
at all hours of the day. At the approach of the cold 
weather these reptiles select a sheltered spot, where 
they conceal themselves by thrusting their shells into 
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thick tufts of bushes or shrubs, in order to be better 
protected from the cold. There they remain in a kind 
of lethargic, although not truly torpid, state till the 
hot season, when they issue out to feed only after 
sunset and in the early morning. Specimens kept in 
captivity have been observed to be very fond of 
plunging into water during the hot season, where 
they often remained for half an hour at a time. They 
also drank large quantities of water at this period of 
the year, which they took by thrusting in their heads 
and swallowing in gulps. About November the female 
lays her eggs in a shallow pit excavated by herself. 

One of the aforesaid captive specimens in the 
course of about two hours succeeded, according to 
Captain T. Hutton, “in making a hole six inches in 
depth and four inches in diameter; in this she imme- 
diately deposited her eggs, four in number, filling up 
the hole again with the mud she had previously scraped 
out, and then treading it well in, and stamping upon 
it with her hind feet alternately until it was filled to 
the surface, when she bent it down with the whole 
weight of her body, raising herself behind as high as 
she could stretch her legs, and suddenly withdrawing 
them, allowing herself to drop heavily on the earth, by 
which means it was speedily beaten flat ; and so smooth 
and natural did it appear that, had I not detected her 
in the performance of her task, I should certainly never 
have noticed the spot where she had deposited her 
eggs. She did not immediately leave the place after 
finishing her work, but remained inactive, as if re- 
covering from her fatigue.” 

In disposition these tortoises are decidedly pug- 
nacious, this being especially the case with the males. 
These combats seem to be chiefly trials of strength, 
“‘one male confronting the other, with the hind and 
fore legs drawn into the shell, and the hind feet planted 
firmly on the ground, and in this manner Striving 
against each other until one or both becomes fatigued. 
This was done chiefly when they wanted to pass each 
other in any narrow space; and sometimes if 
the one could succeed in placing his shell a 
little beneath the other, he tilted him over on 
his back, from which he had great difficulty 
in recovering himself; and I have frequently 
found them sprawling thus, making desperate 
efforts with head and feet to throw them- 
selves back to their natural position, which 
they were unable to effect unless the ground 
chanced to be very uneven, so as to assist 
them.” 

GIANi TORTOISES 

Durins_the Pliocene, or later division of 
the T<r‘uary period, gigantic land-tortoises 
yecie, as attested by their petrified remains, 
widely distributed over the continents of the 
world; species having been obtained from 
India, France, Egypt, and North and South 
America. The largest of these was the well- 
known atlas tortoise (7. atlas) from the 
Siwalik Hills of Northern India, in which the 
length of the shell was about 6 feet: the 
species, together with the Eocene Egyptian 
ZL. ammon, being, as already mentioned, 
probably related to the African spurred 
tortoise and the Burmese brown tortoise. 
Probably more or less abundant during the epoch in 
question, with the advent of the ensuing Pleistocene 
epoch giant tortoises seem to have disappeared entirely 
from the continental areas, to survive on certain 
oceanic islands where they were free from the com- 
petition of large animals of higher organisation. Some 
of these insular species, like those of Madagascar and 
Malta, did not apparently survive the Pleistocene 


epoch; while in other regions they flourished and 
multiplied till the action of man led to their partial 
or total extermination. 

At the present day the few survivors of these mon- 
strous reptiles are being rapidly reduced in numbers, 
and, unless special means be speedily taken for their 
preservation, they will ere long entirely cease to exist. 
During the historic period the islands where giant 
tortoises are known to have existed constitute four 
distinct groups. Three of these are situated in the 
Indian Ocean, and comprise Aldabra, to the north- 
west of Madagascar, the Mascarene group—including 
Réunion, Mauritius, and Rodriguez—lying to the east 
of the same, and the Seychelles ; while the fourth, or 
Galapagos group, taking its name from the Spanish 
word for tortoise, is situated in the far distant South 
Pacific, off the western coast of South America. 

During the sixteenth and seventeenth centuries the 
tortoises are stated to have existed in enormous 
numbers in the above-named islands; but as they 
afforded a most valuable supply of food, and could 
be kept alive on board ship, their numbers were rapidly 
reduced in those of the Indian Ocean, and South 
Aldabra is now the only island in that area where 
they still exist in a wild state. Many of these tortoises 
have, however, been exported to the Seychelles, where 
the North Aldabra species is preserved; and it is 
believed that five specimens carried thence to the 
Mauritius were the only survivors of the species that 
formerly inhabited the Seychelles. Regarding the 
former abundance of these tortoises in Rodriguez, the 
French traveller and naturalist Frangois Leguat, 


writing in 1691, observes that ‘‘ there are such plenty 
of land-turtles in this isle that sometimes you see 
three thousand of them in a flock, so that you may go 
above a hundred paces on their backs. 

In Mauritius they were still abundant in 1740, but 
about 1761 they had probably become scarcer, as 
thousands were then imported from Rodriguez as food 
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for the patients in the hospitals of Mauritius. The 
continued exportation—some ships taking as many as 
four hundred tortoises at a time—coupled with the 
destruction of their eggs and young, finally led to their 
extermination in both Mauritius and Rodriguez; this 
extirpation having probably taken place early in the 
nineteenth century. The Réunion tortoise, of which 
little is known, seems to have disappeared earlier. 
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The total number of species of giant tortoises known 
to have existed within the historic period is at least 
twenty, all of which are characterised by their large 
size, their long necks, and the uniformly dark brown 
They may be divided 


or black colour of their shells. 


‘into four groups, according to their geographical dis- 

tribution, each characterised by certain structural 
peculiarities. The first group comprises the Aldabra 
tortoises, characterised by the presence of a nuchal 
shield on the front of the carapace, and the distinctness 
of the gulars on the front of the plastron. On the 
other hand, in the four best-known Mascarene species, 
constituting the second group, the nuchal shield is 
wanting, while the two gulars have coalesced into 
one; the plastron being characterised by its extreme 
shortness. The Seychelle tortoise agrees with the 
latter in its long neck and the absence of the gular 
shield. Lastly, the fourth, or Galapagos, group pre- 
sents a condition intermediate between those existing 
in the two others, the nuchal shield of the carapace 
being absent, while the gulars of the plastron remain 
double. 

Of the two species formerly inhabiting the islands of 
the Aldabra group, the North Aldabra tortoise (TZ. 
gigantea) now survives only in the Seychelles, where a 
certain number of individuals are preserved in a 
semi-domesticated condition, and in Ceylon, where 
there is one specimen. In some specimens of this 
species the caudal shield is divided, as in the Burmese 
brown tortoise. This tortoise is one of the largest of 
the whole group, measuring nearly four feet in total 
length. The South Aldabra T. vicina still inhabits its 
native island, and is even superior in size to the last. 

Of the Mascarene tortoises, the three species from 
Mauritius (T. indica, trisservata, and inepta), all of 
which are extinct, are characterised by the thinness 
of the carapace, of which the margins are thickened. 


NORTH ALDABRA GIANT 
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The Rodriguez tortoise (I. vosmeyi) has a still thinner 
carapace, which in the male does not shelve down 
in front in the usual manner. Allusion has already 
been made to the numbers in which these tortoises 
existed in Leguat’s time. In the Artillery Barracks 
of Port Louis in the Mauritius lives 
a very ancient tortoise, which is one 
of five imported into that island by 
the navigator Captain Marion du 
Fresne from the Seycheiles in 1766; 
one of these having been subse- 
quently presented to the London 
Zoological Gardens in 1832 by Sir 
C. Colville. The latter weighed 
289 pounds, and its shell measured 
4 feet 44 inches in length along the 
curve, and 4 feet g inches in width ; 
while in the Port Louis specimen 
the circumference of the shell is 
9 feet 3 inches, and its height 24 feet. 

Marion’s tortoise, as the Port 
Louis example is called, is thus 
definitely known to have lived for 
a hundred and twenty-seven years, 
and as it was doubtless of large size 
when brought from the Seychelles, 
and since all these tortoises take an 
immense time to reach large dimen- 
sions, it is probable that it is the 
solitary survivor of the enormous 
herds of these reptiles which existed 
in Leguat’s day. It is believed to 
represent the original Seychelle 
species, and is named T. swmeztret. 

From the length of their necks, 
and also on account of a peculiarity 
in the structure of the hinder verte- 
bree of the neck, it appears that the 
tortoises of this and the Mascarene 
species have the power of raising 
their necks to a nearly vertical posi- 
tion, which would give them a wide range of vision. 
This elevated range of vision would accord well with 
the account given by Leguat, who writes concerning 
these tortoises as follows: “There’s one thing very 
odd among them; they always place sentinels at 
some distance from their troop, at the four corners 
of the camp, to which the sentinels turn their backs, 
and look with the eyes, as if they were on the watch.” 

The different islands of the Galapagos group, such as 
Abingdon, Duncan, Albemarle, Chatham, Hood, James, 
and Charles, are the respective homes of one or more 
species of giant tortoise. Of the various species 
inhabiting these islands, the South Albemarle 7. vicina 
has the horny shields of the carapace concentrically 
striated in the adult, and the plastron notched “instead 
of truncated behind. Testudo nigvita, of James Island, 
is an allied species. In other species the shields of the 
back are smooth, while the plastron has its hind end 
truncated. In the Central Albemarle T. microphyes the 
width of the bridge connecting the upper and lower 
shells is of considerable length, and the shell itself 
stout. 


On the other hand, in the Duncan Island tortoise 
(T. ephippium) and the Abingdon tortoise (7. abingdonz) 
the same bridge is relatively short, and the shell 


remarkable for its thinness, the carapace being much 
narrowed anteriorly, where it is so pinched in at the 
sides as to have a sharp ridge on the back. In the 
former of these saddle-backed species the shell still 
retains the normal bony framework, but in the second 
it is soft and leathery. Both have very long necks, 
which are carried nearly vertically; and in the Abingdon 
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species the notches in the front end of the shell 
are so large that in a front view the animal appears 
merely to have a kind of mantle thrown over the body. 
It is hard to see what can be the object of this softening 
and atrophy of the shell; but it is quite clear that it 
renders the animals very liable to injury, and thus 
probably accounts for the fact that none of them has 
been brought alive to Europe. The carapace of this 
species attains a length of 38} inches, and the weight 
of one individual was just over 200 pounds 

One of the best accounts of the habits of the Gala- 
pagos tortoises is given by Darwin regarding the one 
inhabiting South Albe- 
marle. These tortoises \ oe 
frequent in preference 
the high, damp _ parts, 
although they likewise 
lve in the lower and 
arid districts. Very 
numerous in individuals, 
some grow to such a 
size that it requires six 
or eight men _ to lift 
them, while they will 
yield as much as 200 
pounds of meat. “‘ The 
old males are the largest, 
the females rarely grow- 
ing to so large a size; 
the male can be readily 
distinguished from the 
female by the greater 
length of its tail. The 
tortoises which live on 
those islands where 
there is no water, or in 
the lower and arid parts 
of the others, feed chiefly 
on the succulent cactus. 
Those which frequent 
the higher and damp 
regions eat the leaves of 
various trees, a kind of 
berry which is acid and 
austere, and likewise a 
pale green filamentous 
lichen, that hangs in 
tresses from the boughs 
of the trees. 

“The tortoise is very 
fond of water, drinking 
large quantities, and 
wallowing in the mud. 
me ‘te 


hese Tr at vay Ted 
tow is t itral 
parts, and at a consider- 
able height The tor- 


toises, therefore, which 
frequent the lower dis- 
tricts, when thirsty, are obliged to travel from a long 
distance. Hence, broad and well-beaten paths branch 
off in every direction from the wells down to the 
sea-coasts; and the Spaniards, by following them up, 
first discovered the watering-places. When I landed 
at Chatham Island, I could not imagine what animal 
travelled so methodically along well-chosen tracks. 
Near the springs it was a curious spectacle to behold 
many of these huge creatures, one set eagerly travelling 
onwards with outstretched necks, and. another sect 
returning after having drunk their fill. When the 
tortoise arrives at the spring, quite regardless of any 
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spectator, he buries his head in the water above his 
eyes, and greedily swallows great mouthfuls, at the 
rate of about ten in a minute. The inhabitants say 
that each animal stays three or four days in the neigh- 
bourhood of the water, and then returns to the lower 
country ; but they differed respecting the frequency of 
these visits.” 

After mentioning that some tortoises live on islands 
where the only water they obtain is that which falls as 
rain, and also that the inhabitants of the Galapagos 
Islands, when overcome with thirst, are in the habit 
of killing a tortoise and drinking the water contained in 
its interior, the writer 
proceeds as_ follows: 


) 


“The tortoises, when 
purposely moving 
towards any point, 


travel by night and day, 
and atrive at their 
journey’s end much 
sooner than would be 
expected. The inhabi- 
tants, from observing 
marked individuals, con- 
sider that they travel a 
distance of about eight 
miles in two or three 
days. One large tor- 
toise, which I watched, 
walked at the rate of 
sixty yards in ten 
minutes, that is three 
hundred and sixty yards 
in the hour, or four 
miles a day—allowing a 
little time for it to eat 
on the road. 

“ During the breeding 
season, when the male 
and female are together, 
the male utters a 
hoarse roar or bellowing, 
which, it is said, can be 
heard at a distance of 
more than a hundred 
yards. The female never 
uses her voice, and the 
male only at these 
times; so that when the 
people hear this noise 
they know that the two 
are together. They were 
at this time (October) 
laying their eggs. The 
female, when the soil is 
sandy, deposits them 
together, and covers 
them up with sand ; but 
where the ground is 
rocky she drops them 
indiscriminately in any 
hole. Mr. Bynoe found seven in a fissure. The egg 
is white and spherical ; one which I measured was 7% 
inches in circumference, and therefore larger than a hen’s 
egg. The young tortoises, as soon as they are hatched, 
fall a prey in great numbers to the carrion-feeding 
buzzard .(Polyborus). The old ones seem generally to 
die from accidents, as from falling down precipices; 
at least, several of the inhabitants told me that they 
never found one dead without some evident cause. 

“The inhabitants believe that these animals?‘are 
absolutely deaf; certainly they do not hear a person 
walking close behind them. I was always amused 
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when overtaking one of these great monsters, as it was 
quietly pacing along, to see how suddenly, the instant 
I passed, it would draw in its head and legs, and, uttering 
a deep hiss, fall to the ground with a heavy sound, as if 
struck dead. I frequently got on their backs, and taen, 
giving a few raps on the hinder part of their shells, they 
would rise and walk away—but I found it difficult to 
keep my balance.” 

Like their Mascarene allies, the Galapagos tortoises 
are much esteemed as food ; and, in order to see whether 
they are sufficiently fat to be killed, the inhabitants are 
accustomed to make a slit beneath the tail, through 
which the interior of the body can be seen. With 
the usual hardihood of reptiles, the rejected individuals 
appear to recover completely from this operation. 

From several of the islands the giant tortoises have 
already disappeared, and it is to be feared that they 
will soon cease to exist throughout the Galapagos group. 


EUROPEAN TORTOISES 


The common Testudo greca typifies the sixth main 
group of the genus, which comprises seven Old World 
species of small or medium size, characterised by the 
carapace being brown or olive, either uniform or spotted 
with black, or black and yellow; by the gular shields 
of the plastron being distinct; and by -the slight 
prominence and shortness of the ridge on the palate of 
the skull. The common tortoise belongs to a section 
of the groupin which the anal, or hindermost, shields of the 
plastron meet in the middle line by a suture of con- 
siderable length ; and 
it is further charac- 
terised by the presence 
of five claws on the 
fore foot. Krom its 
nearest allies it may 
be distinguished by 
the fifth vertebral 
shield of the carapace 
being much broader 
than the third; by the 
caudal shield being 
usually double ; and by 
the absence of a large 
tubercle on the inner 
side of the thigh. 


The shell of this 
species is moderately 
vaulted, not much 
expanded behind, and 
its ‘margins are not 
serrated. The m ul 
shield is very long and 
narrow ; in the male GREEK 
the divided candals 
are much incurved, and the shields of the back showa 
strongly-marked concentric striation. In ground-colour 
the shell is bright yellow, with the shields of the 


carapace spotted and bordered with black, and a broad 
band of black running along each side of the plastron. 
The length of the shell is about 53 inches. Mainly 
a Sotith European species, the common tortoise inhabits 
the Balearic Islands, Corsica, Sardinia, Sicily, Italy, 
Dalmatia, the Balkan Peninsula, and the Greek Archi- 
pelago, while it also occurs in Syria. 

The-larger but allied Algerian tortoise (7. zbera), in 
which the shell attains a length of about 9 inches, may 
be distinguished by the fifth vertebral shield being not 
broader than the third, by the single caudal shield, and 
the presence of a large subconical tubercle on the inner 
surface of the thigh. In colour this species differs 
from the last in having the plastron more or less ‘spotted 
with black, while in some examples the carapace ‘is 


uniformly brown. Its range includes Southern Spain, 
North-Western Africa, Syria, Asia Minor, Transcaucasia, 
and Persia. 

A third species often represented among the ship- 
loads of these reptiles imported into England is the 
Greek tortoise (7. marginata), which attains a length 
of 11 inches, and appears to be confined to Greece. 
The absence of an enlarged tubercle on the thigh serves 
to distinguish it from the preceding species, from which 
it also differs by the longer and more depressed shell, in 
which the hind margin is much expanded, and more or 
less serrated. Usually the carapace of the adult is black, 
with a small yellow or greenish spot on each shield ; 
while the ground-colour of the plastron is yellowish, 
each of its shields being marked by a black patch, which 
generally takes a triangular form. This species appears 
to be confined to Greece, but in Lower Egypt and 
Syria it is replaced by the smaller Leith’s tortoise 
(I. leitht), in which the carapace is relatively shorter 
and more deeplv notched in front, while the form and 
arrangement of the tubercles on the fore limb is different. 
Gilbert White’s tortoise, “hich lived for nearly forty 
years in a Sussex garden before it came to Selborne, 
was a remarkably large specimen of Testudo marginata, 
as is proved by its shell, which is exhibited in the Natural 
History branch of the British Museum at South Ken- 
sington. 

All these tortoises appear identical in their habits, 
frequenting dry and sandy places, and being extremely 
fond of sunshine, in which they will bask by the hour 
together. In some of 
the Greek islands and 
the south of Italy the 
common tortoise is 
found in great num- 
bers, and in_ the 
markets of Sicily and 
Italy it is regularly 
exposed for sale as an 
article of food. At 
the approach of winter 
it buries itself deep 
in the earth, where 
it remains during the 
cold months, usually 
reappearing in April, 
but in Sicily as earlyas 
February. Although 
its main food consists 
of plants and fruits, it 
will likewise consume 
2 such snails, worms, 

; and insects as it may 
TORTOISE meet with during its 
wanderings. 

In captivity, where they have been known to live 
for a great number of years, these tortoises display great 
partiality for milky plants, such as lettuce, and they are 
always fond of a bath. At the approach of rain they 
always hide themselves, but in fine weather remain 
abroad throughout the day. In excavating a burrow 
for ‘the winter's sleep, the earth is dug up by the 
strong fore limbs, and thrown out from the hole by 
the hind pair. The pairing season begins immediately 
after’ the awakening from: the wisdte#Sleep; and in 
May or June the female lays from eight to fifteen 
hard-shelled, spherical white eggs, of about the size of a 
hazel-nut. These are deposited in a hole in thé earth 
in some sunny spot, and, after being carefully covered 
up, are left to hatch. By September the young tor- 
toises are about the size of half a walnut-shell, and 
present an exceedingly comic appearance. The 
common tortoise occasionally produces eggs in England. 
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“Fiercer and more ~diteful than any other members of the chelonian order, these tortoises, owing toa peculiarity in the structure and mode of articu- 
la 10n of some of the vertebree of the neck, have the power of darting out the head with inconceivable rapidity.’’ 


BOX-TORTOISES 


only the hind border is thus ornamented. The colour 
of the carapace in these terrapins is brown or blackish, 
frequently with darker markings. Together with the 
other members of the group, they differ from the 
majority of terrapins in having the head covered with 
a continuous skin, instead of with small shields. The 
small size of the webs of these terrapins indicates that 
in habits they are probably in part aquatic and in part 
terrestrial. 
CHAIBASSA TERRAPIN 

The Chaibassa terrapin (Nicoria tricarinata), taking its 
name from a district in Bengal, is selected to represent 
a genus common to the Indo-Malay region in the east, 
and Central and South America in the west, distin- 
guished from the preceding by the presence of a bony 
temporal arch to the skull. Of the various species of 
this genus, the smallest has a shell of only 5 inches in 
length, but in a larger one it may measure as much as 
16 inches. While in the figured Chaibassa terrapin 
both fore and hind margins of the shell are entire, in 

other species either one or both of these may be deeply 
serrated. 

The Chaibassa species, which ranges from Bengal to 
Assam, has the carapace dark brown or black in colour, 
with the three longitudinal ridges from which it takes its 
Latin name yellow; the plastron being uniformly yellow, 
and the neck and limbs blackish. From the larger 
three-keeled terrapin (N. tvijuga) of India and Burma 
this species is further distinguished by its more convex 
shell, which descends very abruptly behind, as well as 
by the rudimentary condition of the webs between 
the toes; on both of which grounds it may be regarded 
as more exclusively terrestrial in its habits. A fossil 
shell of the Chaibassa terrapin, represented in the right 
figure on page 1599, has been obtained from the Pliocene 
rocks of the Siwalik Hills of Northern India, thus indi- 
cating the antiquity of the species. In some individuals 
the hind half of the plastron is connected with the 
upper shell merely by ligament, while in others there is 
the usual bony union. 


HINGED TERRAPINS 
The third genus of this group (Cyclemys), which is 
confined to India, Malaya, and the south of China, is 
represented by about half a dozen species, which, while 
agreeing with the members of the foregoing genus in 
the presence of a bony temporal arch to the skull, 
differ by having a well-marked transverse ligamentous 


See 


poo 


CHAIBASSA TERRAPIN 


hinge across the middle of the plastron, whereby its 
hind lobe is rendered movable, and capable of more 
or less completely closing the posterior aperture of 
the shell. None of the species has a shell of more 
than 8 inches in length. 

The genus may be subdivided into two groups, each 
containing three species. In the former, as represented 
by C. dhor of Northern India and the Malay region, 
the plastron, which is notched behind, cannot com- 
pletely close the shell, and the hind margin of the 
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carapace is serrated. In the second group, on the 
other hand, of which the Amboyna hinged terrapin 
(C. amboinensts) is a typical example, the plastron is 
capable of completely closing the hind aperture of the 
shell, and the posterior margin of the carapace is not 
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serrated. These species also have the shell keeled on 
the back in the young state. In the Amboyna species, 
as also in C. flavomarginata, the hind end of the plastron 
is entire, although in a third, C. tvifasciata, it is notched. 


BOX-TORTOISES 


Agreeing with the hinged terrapins in the presence 
of a transverse ligamentous hinge across the middle of 
the plastron, by the aid of which the openings of the 
shell can be closed, the two North American species 
of box-tortoises, together with all the remaining mem- 
bers of the family, differ from the former in that the 
hexagonal neural bony plates of the carapace have 
the shorter of their two lateral surfaces placed anteriorly, 
instead of posteriorly, this arrangement being shown 
when the shell is stripped. The presence of the hinge 
in the plastron serves to distinguish the box-tortoises 
from all the members of the second group, with the 
exception of the pond-tortoises, while from the latter 
they aré separated by the beak being hooked, and the 
absence of a bony temporal arch to the skull. In the 
box-tortoises the head is covered with smooth skin 
above, the toes having only a rudimental web, and the 
tail being short. 

The Carolina box-tortoise (C7studo carolina) is a 
somewhat variable species as regards size, the length 
of the shell ranging from a little over 4 to somewhat 
more than 5 inches. The highly convex carapace is 
almost hemispherical in shape, and attached to the 
plastron solely by ligament, so that the whole shell 
can be completely closed. As a general rule, the upper 
shell is dark brown or blackish with yellow spots, or 
brownish yellow with dark brown spots’or rays, but 
there may be an interrupted yellow, streak down the 
middle of the back. The plastron may be either a 
uniform dark brown or blackish, or may have irregular 
yellowish blotches on a ground of the same, although 
in some instances it is yellowish with dark blotches of 
variable size. 
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The range of this species embraces the southern 
and south-eastern United States and Mexico. In 
the ornate box-tortoise (C. ornata) of Nebraska and 
some of the neighbouring states the shell is more 
depressed, and the plastron and carapace are connected 
together by a very short bony bridge, so that the 
shell cannot be completely closed. The toes, moreover, 
have no distinct webs. 

The vaulted carapace of the box-tortoises, with the 
abruptly descending hind profile and the rudimentary 
condition of the webs of the toes, at once proclaims 
the partialky terrestrial habits of these reptiles, 
which form, indeed, one of the connecting links 
between the typical tortoises and the fresh-water terra- 
pins. Although mainly, if not entirely, carnivorous— 
as is indicated by the absence of a median ridge in the 
front of the palate—the box-tortoises appear to re- 
semble the typical tortoises very closely in their general 
mode of life: A¢cording to some observers, they are 
more frequently to be met with in dry and even hilly 
districts than in swamps, but they are partial to spots 
where colonies of night-herons are in the habit of 
nesting, owing to the quantity of insects, snails, worms, 
and fragments of fish to be met with in such localities ; 
and they are frequently found in woods where the 
ground is either moist 
or swampy. At times [ 
they enter the water of | 
their own will, and they 
have been seen half 
buried under loose earth 
or moss in search of 
worms and insects. 

Unlike most members 
of the family, box-tor- 
toises shun the light 
and are most active 
during the evening and 
night, shutting them- 
selves closely up in their 
shells when the sun is 
shining brightly. The 
closure of the shell is 
also effected at the 
approach of any large 
animal, and when thus securely boxed up there are 
few creatures these tortoises need fear. Like most 
other terrestrial tortoises, the females lay their eggs in 
holes dug in the ground by themselves; the number laid 
being usually only five or six, whether the parents be 
half grown or adult. Each individual egg is carefully 
covered with earth, and the time taken before the 
young are hatched is said to vary from eighty-eight 
to a hundred days. 

When first hatched, the young are well developed 
and of great relative size and strength, although their 
shells are still soft and cartilaginous, and the remnant 
of the yolk-sac depends from the plastron. In 
Pennsylvania both young and old bury themselves 
deep in the ground about the middle of October, 
where they remain till the latter part of April; the 
spot selected having a dry soil, and being protected 
from the cutting blasts of the north. Many individuals 
which have not buried themselves sufficiently deeply 
are, however, frozen to death during the winter slumber. 
On account of the strong and disagreeable flavour of 
their flesh, doubtless engendered ‘by the nature of 
their food, box-tertoises are not eaten. 


POND-TORTOISES 
In marked contrast to the vaulted and abruptly 
descending carapace of the box-tortoises is the de- 
pressed and shelving shell of the pond-tortoises, this 
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difference indicating a distinction in the habits ot 
the two genera. Box-tortoises, as already mentioned, 
are mainly land reptiles, whereas pond-tortoises are as 
decidedly aquatic in their mode of life. In addition 
to the difference in the form of the shell, the members 
of the present genus are readily distinguished from 
those of the last by the beak not being hooked, and 
by the presence of a bony temporal arch in the skull. 

In the shell the carapace is united to the plastron 
solely by ligament, and the plastron itself is more or 
less distinctly divided by a ligamentous transverse 
hinge upon which its two lobes are freely movable. 
Agreeing with the box-tortoises in having the top of 
the head covered with undivided skin, pond-tortoises 
differ by having the toes fully webbed, and also by 
the more elongated tail, which, while very long in the 
young, is of moderate length in the adult. 

Although the genus Emys was formerly made to 
include many of the fresh-water terrapins, it is now 
restricted to the European pond-tortoise (E. orbi- 
culavis) and the nearly allied North American E£. 
blandingi. The forme? which is familiar to most 
visitors to Southern Europe, is characterised by the 
short oval form of its carapace, which is widest posteri- 
orly, and in the young state has a more or less distinct 
median keel. In colour 
the upper shell of the 
adult is dark brown or 
black, ornamented with 
a variable number of 
light, usually yellow, 
flecks or radiating 
streaks; the plastron 
being either yellow, 
brown and yellow, or 
almost wholly blackish 
brown. In the young, on 
the other hand, the upper 
shell is dark brow n, and 
the lower black; all the 
shields of the latter, as 
well as the marginal ones 
of the former, having a 
large yellow spot. 

The skin of the head, 
neck, body, and limbs is marked with yellow and 
blackish in varying proportions; the head of the male 
having brownish dots on a darker ground, while in the 
female the dots are yellow. When fully grown, the shell 
attains a léngth of 7} inches, but in most of the speci- 
mens impor ted into England it is not much more than 
half that size. At the present day the pond-tortoise 
is found, in suitable localities, in South and East- 
Central Europe, and South-Western Asia as far as 
Persia, and in Algeria. 

During the Pleistocene period, when the climate of 
Northern Europe must at certain times have been much 
more genial, the pond-tortoise had a much more 
extensive distribution, its fossilised remains having 
been found in the superficial deposits. of Belgium, 
Denmark, Germany, Lombardy, Norfolk, Sweden. 
and Switzerland. The North American species, which 
inhabits the north-eastern United States and Canada, 
has the carapace rather more elongate, and the tail 
shorter ; the former being black with pale yellow or 
brownish circular spots, and the plastron yellow with 
a large black patch on each shield. 

The European species, which is specially abundant 
in the forest districts of Poland, inhabits both stagnant 
and running waters, and may be found alike in slow or 
swift-flowing streams, or in open lakes. During the 
daytime it leaves the water. to bask in the sun cn 
sequestered spots of the banks, where it remains without 
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moving by the hour together, but towards sunset it 
begins to move, and remains active throughout the 
night. At the beginning of winter it constructs an 
underground chamber, in which it remains buried in 
slumber till spring, usually reappearing, if the weather 
be favourable, about the middle of April, at which 
time it reveals its whereabouts by a peculiar whistling 
cry characteristic of the breeding season. An excellent 
swimmer and diver, the pond-tortoise disappears be- 
neath the water at the slightest sound, 
and when on land its motions are far , 
more active than those of the typical | 
tortoises. 

Agreeing with other carnivorous 
terrapins in the absence of a median }:= 
ridge on the fore part of the palate, 
this tortoise feeds chiefly upon worms, 
water-insects, crustaceans, frogs, 
newts, tadpoles, and fish. In devour- - 
ing fish, pond-tortoises reject the ,.° 2 
air-bladder, which floats on thesurface : 
of the water; and from the number 
of such floating air-bladders some jo. 
idea may be formed as to whether a . 
pond is numer- 
ously  tenanted 
by these tortoises. 
In captivity, 
where they will 
live for years, 
pond-tortoises, in 
addition to their 
natural food, will 
sometimes eat 
raw meat, and in 
thisstate they fre- 
quently become 
so tame as to 
take food from 
the hands of their 
masters. elie 
cylindrical eggs, 
varying from 
nine to fifteen in 
number, are laid 
at night during 
May in hollows dug by the female in dry soil, at a 
considerable elevation above the bank, where they are 
carefully covered up and left to develop. These tor- 
toises are eaten by the inhabitants of all the countries 
in which they occur. 


TYPICAL TERRAPINS 


The remaining members of the family Testudinide, 
which may be collectively known as terrapins, have the 
plastron without any transverse hinge and firmly 
connected by bone with the carapace, so that the whole 
shell is solid and immovable. They comprise a large 
number of species, arranged under eleven genera, 
and all that can be attempted in a work of the present 
nature is to select for special notice one or two species 
of such genera. Although many of these terrapins 
are exceedingly unlike one another externally, yet 
they are all so closely connected that the genera can 
only be distinguished by the characters of the skull 
and the bony plates of the shell, so that their description 
must of necessity be somewhat technical. 

The sculptured terrapin (Clemmys insculpta), of 
eastern North America, is selected as a fairly well- 
known representative of a genus with about eight 
species. This genus, it must be premised, forms one 
of a group of four agreeing with the two last noticed 
in the absence of a longitudinal ridge on the fore 


ae 


SCULPTURED TERRAPIN 


part of the palate, and in the carnivorous habits of its 
various members. From the three allied genera, 
Clemmys may be distinguished by the aperture of the 
inner nostrils in the skull being situated between the 
eyes, by the unpaired entoplastral bone of the lower 


shell being traversed by the groove formed by 
the junction between the humeral and pectoral 
shields, and by the upper part of the head being 


covered with a continuous smooth skin. 
: This particular 
terrapin belongs 
/ to a group of five 
\ _ \ species collec- 
‘4 tively character- 
. ised by the median 
union of the anal, 
or hindmost, 
shields of the 
.. plastron being 
‘longer than that 
between the 
femoral shields ; 
and while four 


species of this 
; group are con- 
- fined to North 


America, Beale’s 
weerenadin (C. 
| bealet) inhabits 
China, thus show- 
ing a distribution 
| analogous to that 
| of alligators. On the other hand, the 
Caspian terrapin (C. caspica), ranging 
from the Caspian Sea to the Persian 
/ Gulf, the Iberian terrapin (C. leprosa), 
# of Spain and North-Western Africa, 
f and the Japanese terrapin (C. japonica) 
f resemble one another in having the 
B median union of the anal shields 
7 shorter than that of the femorals. 

The sculptured terrapin, which 
attains a length of about 7 inches, is 
specially characterised by the toes 
being webbed only at their bases, by the 
upper jaw having a notch in the middle, 
on the sides of which are a pair of tooth-like projections, 
and by the serration of the hind border of the carapace. 
The shell is much depressed, with a raised keel down the 
middle of the back, and the shields of the carapace 
ornamented with the radiating and concentric strize 
from which the species takes its name. While the 
ground-colour of the carapace is blackish, the radiating 
lines are yellow ; the plastron being yellow, with a large 
black blotch on each of its shields. The soft parts are 
dark brown or olive, and the sides of the head speckled 
with red. 

This species is exceedingly abundant on the Atlantic 
side of the United States, from Maine to Pennslyvania 
and New Jersey. Frequenting both marshes and 
rivers, it leaves the water for much longer periods than 
its European congeners, and is sometimes found for 
months at a time in perfectly dry places. In wandering 
from one stream to another, it makes regular tracks 
through the woods, and is hence frequently termed in 
America the wood-terrapin. In its feeding and general 
mode of life this terrapin presents no features dis- 
tinguishing it from other carnivorous kinds. 

The Iberian terrapin (C. lepvosa) is remarkable for 
the fact that an alga grows in the shell, frequently 
eating through the horny shields and penetrating the 
underlying bones, so as to cause them to have a spongy 
and rotten texture. 
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THICK-NECKED TERRAPIN 

Nearly allied to the sculptured terrapin and its rela- 
tives is the thick-necked terrapin (Bellia crassicollts) 
from Tenasserim, Siam, the Malay Peninsula, and 
Sumatra, which, with a second species from Borneo 
(B. borneénsis), constitutes a genus distinguished by the 
greater development of the bony buttresses connecting 
the upper with the lower shell, and by the hind part of 
the head being covered with small horny shields. The 
feet are fully webbed, and the anterior vertebral shields 
of the carapace more or less distinctly balloon-shaped. 

The typical species, which | 
measures rather more than | ~- SE YY, 
634 inches in length, is ofa | 
general dark brown or black 
colour, usually with some 
yellow markings on_ the 
plastron, and some _ large 
spots of the same colour on 
the head. Several extinct 
representatives of this genus 
are met with in a fossil state 
in the Pliocene deposits of 
North-Western India. 


HAMILTON’S TERRAPIN 
The very handsomely 
coloured Hamilton’s terrapin 
(Damontia hamiultont) of India, 
conspicuous for its black and 
yellow, highly-vaulted, and 
three-keeled carapace, is the 
best-known representative of 
a third genus, distinguished from the foregoing by the 
hind aperture of the nostrils opening behind the line of 
the eyes, and the great breadth of the palate. As in the 
two preceding genera, the entoplastral bone of the 
plastron is traversed, by the groove formed by the union 
between the humeral and the pectoral shields, and the 
hind part of the head is covered with small shields. 
Hamilton’s terrapin has the elevated carapace 
marked with three interrupted longitudinal keels, or 
rows of nodose prominences, which are most pronounced 
in the young, the colour of the shell being dark brown 
or blackish, with spots and streaks of yellow, and the 
soft parts having a similar coloration. While in young 
individuals the hind border of the carapace is strongly 
serrated, in the adult it becomes nearly smooth. This 
species attains a length of nearly 9 inches at the present 
day, but fossil examples found in the Pliocene rocks of 
Northern India were still larger. These fossil specimens 
lived with numbers of mammals belonging entirely to 
extinct species. There are four other species of: the 
genus, ranging over Malaya, Southern China, and Japan. 


SALT-WATER TERRAPIN 

The last representative of the group with a smooth 
palate and carnivorous habits is the North American 
genus Malacoclemmys, distinguished from Damonia by 
the head being covered with continuous skin, and by 
the groove formed on the plastron by the junction 
between the humeral and pectoral shields being situated 
in advance of the entoplastral bone. While two of the 
species inhabit the valley of the Mississippi, the salt- 
water terrapin (M. terrapin) is a frequenter of the salt- 
marshes of the Atlantic coast. The last-named species 
has an oval and much-depressed carapace, which attains 
a length of nearly 7 inches, and is characterised by the 
great width of the first and second vertebral shields ; 
its general colour being either olive, with black 
concentric lines, or uniform blackish. The plas- 
tron is yellowish or reddish, with variable black 
markings. 


PAINTED TERRAPIN 


It is this species that generally forms the celebrated 
New York dish known as terrapin; but it would seem 
that other species are also used, as several accounts 
refer to terrapins taken high up the rivers. The best 
terrapins go by the name of ‘‘ diamond-backs,” and 
do not generally exceed some 7 inches in length, although 
they may rarely measure as much as Io inches, but all 
terrapin of larger dimensions belong to the inferior 
kinds, ordinarily designated “ sliders.”’ 

Formerly caught in shoals, the diamond-back has 
now become very scarce, and is, indeed, in some danger 
of extermination. The terra- 
pin furnished in hotels is 
almost invariably “ sliders,” 
diamond-backs being sold to 
private houses only. 


PAINTED TERRAPIN 

The remaining genera of 
the family Testudinide consti- 
tute a distinct group, distin- 
guished from the one including 
the six genera last mentioned 
by the circumstance that the 
broad front portion of the 
palate of the skull is marked 
by one or two longitudinal 
ridges, and likewise by all the 
species being mainly or ex- 
clusively herbivorous in their 
diet. Among these, the large 
and exclusively American 
genus Chrysemys, witha dozen 
species, of which the painted terrapin (C. picta) is one of 
the best known, belongs to a subgroup of three genera 
characterised by the bony buttresses connecting the 
upper with the lower shell being short or of moderate 
size. From its allies Chrysemys is distinguished by the 
opening of the posterior nostrils being placed between 
the eyes, and by the entoplastral bone being situated 
in advance of the groove on the plastron formed by the 
junction of the humeral with the pectoral shields. 

The painted terrapin of eastern North America, 
which attains a length of 6 inches, and has a much- 
depressed shell, takes its name from its brilliant 
colouring, the carapace being olive or blackish, with 
yellow lines bordering the shields, and its marginal 
shields red, with black concentric or crescentic mark- 
ings; while the plastron is yellow, sometimes with 
small streaks of black on the middle line, and the bridge 
red, with black markings. The soft parts have a brown 
or blackish ground-colour, with lighter bands, which are 
yellow on the head and red elsewhere. 


EYED AND CHINESE TERRAPINS 

The eyed terrapin (Morenita ocellata) of Burma, 
together with an allied species from Bengal, constitutes 
a genus distinguished from the preceding by the 
aperture of the posterior nostrils opening behind the line 
of the eyes. The typical species, in which the shell 
measures nearly 9 inches in length, takes its name from 
the eye-like black spots ringed with yellow adorning 
each shield of the back portion of the carapace. 

On the other hand, the Chinese terrapin (Ocadia 
stnensis), which is the sole existing representative of its 
genus, differs from Chrysemys in having the entoplastron 
intersected by the groove formed by the junction 
between the pectoral and humeral shields. The genus 
is of special interest on account of its being re- 
presented by several extinct species in strata belong- 
ing to the upper part of the Eocene division of the 
Tertiary period in the south of England and the 
Continent. 
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BATAGURS 


The remaining members of the family, which are 
arranged under six genera, and may be collectively 
known as batagurs (from the native name of one or 
more of the Indian species), are exclusively confined 
to India, Burma, and the Malay region. They comprise 
the largest fresh-water representatives of the family, and 
are readily characterised by the great development of 
the vertical bony buttresses connecting the” carapace 
with the plastron, which project as walls within the 
shell, so as partially to divide it into compartments. 

Of the six genera, Cachuga, which is represented by 
about seven species from India and Burma, is readily 
recognised by the great elongation of the fourth vertebral 
horny shield of the carapace, which extends over four 
or five of the underlying neural bones. The smaller 
members, such as Smith’s batagur (C. smzthz), and the 
black-and-yellow batagur (C. tectum), of the Ganges 
and Indus, are characterised by the fourth vertebral 
shield terminating in front in a narrow point. Whereas 
the former of these has a depressed and feebly keeled 
shell, the latter, especially when young, has the carapace 
much vaulted, and the third vertebral shield produced 
behind into a conical elevation forming the highest part 
of the shell. The name of black-and-yellow batagur 
is derived from the irregular black patches on the 
bright yellow plastron; the carapace being brown. 
Like the undermentioned dhongoka, it occurs fossil in 
the Pliocene deposits of Northern India. 

The larger species of the genus, such as the Indian 
dhongoka (C. dhongoka), which grows to over 14 inches, 
has the fourth vertebral shield broad in front, instead 
_ of being narrowed toa point. Of the remaining genera, 
Callagur, Bataguy, and Hardella differ from the pre- 
ceding in that the fourth vertebral shield of the carapace 


is not longer than the third, but it will be quite unneces- 
sary to refer in detail to the features distinguishing 
these genera from one another. The largest of all is 
the true batagur (Batagur basca), in which the carapace 
measures no less than 20 inches in length, The two 
genera Liemys and Brookia, each with a single large 
species, are confined to Borneo. 

All the batagurs are exclusively vegetable-feeders, 
and the larger species are thoroughly aquatic in their 
habits, spending by far the greater portion of their 
time in the water. They abound in the larger rivers of 
India and Burma, where their huge shells form con- 
spicuous objects as they rise to the surface to breathe. 
Describing the habits of a captive specimen, Dr. John 
Anderson states that when it rose to breathe “‘ its 
nostrils were simply protruded above the surface of the 
water, and retained in that position for about half a 
minute, during which it made a long expiration, followed 
by a deep inspiration, the creature then slowly sub- 
siding, tail-backwards, to the bottom. The animals, 
unless they were much irritated, never attempted to 
bite, but when so treated they sluggishly seized any 
object put in their way, holding it between their jaws 
with considerable tenacity, at the same time with- 
drawing the head into the shell. They moved about 
on the ground with considerable agility, supporting their 
heavy bodies erect on their legs, like a land-tortoise.” 

Another species will occasionally snap, when, owing 
to the friction of its serrated jaws against each other, 
a peculiar kind of barking sound is produced. Batagurs 
are eaten in Lower Bengal by some of the inferior 
castes of Hindus, and are kept for this purpose in 
tanks. They are believed to be highly dangerous to 
bathers. Fossil remains of batagurs occur in the 
Pliocene Tertiary deposits of India and Burma, but are 
unknown beyond the limits of the Indo-Malay region. 


BIG-HEADED TORTOISE 


‘THs extraordinary reptile (Platysternum megacepha- 
lum), which is an inhabitant of the south of China, 
Siam, and Burma, is the sole representative, not only 
of a very remarkable genus, but likewise of a distinct 
family (Platystevnidg), which appears to be to a great 
extent intermediate between that of the tortoises 
(Testudinidg) and that of the snappers (Chelydride). 
The most peculiar feature about this tortoise is the 
disproportionately large 
size of its head, in which 
the beak is much hooked; 
and in the skeleton the 
temporal pits of the skull 
differ from those of all 
the members of the pre- 
ceding family in _ being 
roofed over with bone, as 
in the following family of 
the snappers. The tail 
also resembles that ap- 
pendage in the latter in 
its great length, and also 
in. the circumstance that 
‘the articular surfaces of 
most of its vertebrae have 
the cup behind and the 
ball in front, whereas in 
the tortoise family just ; 
the reverse occurs. On the other hand; the carapace 
resembles that of the Testudinide and differs from that 
of the snappers in the absence of a rib-like process from 
each of the posterior angles of the nuchal bone passing 
backwards beneath the marginal bones. 
The carapace is characterised by its extreme de- 
pression and oval form, and the plastron is of moderate 


size and connected with the carapace solely by ligament, 
so that bony buttresses are totally lacking. The 
enormous head is covered with a continuous horny 
shield, and the hooked jaws are of great power. The 
toes are of moderate length, and but slightly webbed ; 
all except the fifth in the hind foot being furnished with 
claws. The long and cylindrical tail becomes com- 
pressed at the end, and is covered with rings of quad- 

Ee, signe if f oa ¥ 


In size this tortoise is small, the 
length of the carapace being only about six inches, 
and that of the tail some three-quarters of an inch 


rangular shields. 


more. In the adult the colour is olive brown above 
and yellowish brown beneath, but the young is more 
brilliantly coloured. Of the habits and mode of life 
of this tortoise little appears to have been ascertained. 
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MUD-TERRAPINS 


THe mud-terrapins (Cinosternid@) form the first of two 

nearly related families confined to the New World, 
all the members of which differ from those previously 
noticed by the circumstance that the nuchal bone of 
the carapace gives off from each of its hind angles an 
elongated rib-like process which underlies the marginal 
bones. From the second family the mud-terrapins, 
of which there are about 
eleven species, all inhabiting 
America north of the Equa- 
tor, are broadly distinguished 
(as, indeed, they are from all 
other members of the order) 
by the fact that there are 


only eight bones in the 
plastron, owing to the 


absence of the unpaired 
entoplastral element. 

As regards their other 
characters, mud- terrapins 
resemble the Testudinid@e in 
the conformation of the 
vertebre of the tail and in 
the absence of a roof to the 
temporal pits of the skull, 
as well as in the extreme 
shortness of the tail. The carapace is more or less 
depressed, and articulated by a bony suture with the 
plastron; the latter having the gular shields fused 
into one, or wanting, and its fore and hind lobes more or 
less movable. The toes are fully webbed, and, with the 
exception of the fifth in the hind foot, strongly clawed. 

The best-known representative of the one genus is the 


MAW’S TERRAPIN 


Aw’s terrapin (Dermatemys mawt) may be taken as a 
good representative of the family Dermat- 
emydid@, all the three genera of which are restricted 
to Central America. This family connects the pre- 
ceding one with the snappers, agreeing with the latter 
in the presence of an entoplastral bone, and with the 
former in the characters of the vertebrae of the short 
tail, which have the cup in front, and the absence of 
a roof to the temporal pits of the skull. Maw’s terrapin 
and its allies further agree with the mud-terrapins in 
the incompleteness of the series of neural bones of the 
carapace, the hinder ones being wanting, and thus 
allowing the costal plates to meet their fellows in the 
middle line of the shell. 

Externally, the members of the present family may 
be distinguished from the Testudinide by the presence 
of an additional series of infra-marginal shields between 
the marginals and those of the plastron—a feature 
which they possess in common with the big-headed 
tortoise and the snappers. Maw’s terrapin, which 
attains a length of about fifteen inches, and is the sole 


Pennsylvanian mud-terrapin (Cinosternum pennsylvani- 
cum), which attains a length of about 44 inches, and 
inhabits eastern North America from New York to 
the Gulf of Mexico. In colour the shell is brown or 
brownish above, and either yellow or brown beneath, 
the lines of junction between all the shields being dark 
brown or blackish, while the head and neck are brown 


eae with yellowish spots. From 
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other species of the genus it 
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is distinguished by the large 
size of the plastron, in which 
the anterior lobe is narrower 
than the mouth of the shell. 
In general habits the mud- 
terrapins seem to be very 
similar to the fresh-water 
members of the _ tortoise 
family, although they prefer 
swamps and marshes to 
running waters. Carnivorous 
in their diet, they subsist 
chiefly on small fishes, 
insects, and worms, but they 
have been observed to cap- 
ture newts. They willreadily 
take a baited hook, and 
when thus caught sink rapidly and heavily to the 
bottom, thereby causing the angler to believe that he has 
hooked a weighty fish. At the beginning of winter 
they bury themselves in moss, where they remain 
dormant till the following May. An extinct genus 
nearly allied to the mud-terrapins occurs in the 
Tertiary socks of Baden. 


AND ITS ALLIES 


representative of its genus, has the plastron large and 
connected with the carapace by an elongated bridge, 
the gular shield being single, and the usual five other 
pairs of shields present on the plastron. Unlike most 
other tortoises, there are twelve pairs of marginal 
shields, in place of the usual eleven. 

In the other two genera of the family—Staurotypus 
and Claudius—the plastron is reduced to a cross-like 
shape, and has merely a short connection with the 
carapace; the number of paired shields on the former 
is only four or three, and the chin is provided with a 
pair of wattle-like appendages of which there is no 
trace in Maw’s terrapin. While in the two species of 
Stauroty pus the plastron is connected with the carapace 
by a bony bridge, in the single representative of 
Claudius the junction is entirely ligamentous. 

This family is represented by several extinct genera 
in the Tertiary and Cretaceous strata of North America, 
one of which (Baptemys) had the full series of neural 
bones ; and there appear to have been allied tortoises 
in the European Tertiaries. 


SNAPPERS AND ALLIGATOR-TERRAPINS 


RESEMBLING the big-headed tortoise in the great rela- 

tive size of their hook-beaked heads and their 
elongated scaly tails, the snappers and _alligator- 
terrapins of North and Central America constitute a 
well-marked family (Chelydride) by themselves. In 
the first place, they differ from the species last named 
in that the nuchal bone at the front of the carapace 
gives off a pair of rib-like processes underlying the 
marginals, while the temporal region of the skull is 
only partially covered with a bony roof. The majority 
of the tail-vertebre have the articular cup in front 


and the ball behind. The metubers of the American 
family are further characterised by the relatively small 
size of the carapace, of which the hind border is strongly 
serrated, while the cruciform plastron is likewise small 
and loosely articulated with the upper shell by a very 
narrow bridge. Both the upper and lower shells are not 
completely ossified till very late in life, vacuities remain- 
ing foralong time between the costal and marginal bones 
in the former, and in the middle line of the latter. 
Then, again, the plastron is peculiar in that the 
abdominal shields, which are separated from the 


1622 


ALLIGATOR-TERRAPINS 


marginals by an inframarginal series, do not meet one 
another in the middle line, although they may be 
connected by some small, irregular, unpaired additional 
shields. The enormous head cannot be completely 
retracted within the carapace, of which the anterior 
margin is deeply excavated in order to afford it room, 
and the chin is provided with one or more pairs of 
pendant wattles. With the exception of the fifth in 
the hind limb, the toes are furnished with claws, and 
the long tail is crested above. 


ALLIGATOR-TERRAPINS 


The alligator-terrapin, or snapping turtle (Chelydva 
serpentina),is a giant among river-tortoises, and takes 
its name from a fancied resemblance to an alligator 
surmounted by a chelonian shell. It is one of two 
species belonging to a genus characterised by the 
eyes being directed upwards and outwards, so that their 
sockets are visible in a top view of the skull, and by 
the tail being furnished with large horny shields on 
-its lower surface, as well as by the absence of the 
supramarginal shields found on the carapace of Tem- 
munck’s snapper. The carapace, which may attain a 
length of at least 20 inches, is characterised by its 
rugose surface, bearing three well-marked tuberculated 
keels, which tend to become smoother with advancing 
age, its vertebral shields being remarkable for their 
great width. The snout is short and pointed, with a 
very narrow space between the eyes ; the skin is warty, 
and on the chin developed into a pair of wattles or 
barbels. In the young the tail is as long or even 
longer than the shell, but it becomes relatively shorter 
in the adult ; its upper surface has a crest of large, 
compressed tubercles, and the shields on the lower 
surface have been already mentioned. As in the 
other members of the family, the colour is uniform 
olive brown. The alligator-terrapin inhabits the rivers 
of North America to the eastward of the Rocky Moun- 
tains, from Canada to Mexico, and Central America. 

A second living 
species (C. rossig- 
nonit), distinguished, 
among otherfeatures, | 
by the presence of |} Wi Sod 
four wattles on the 1 i \ : 
chin, is met within > : : \\ ; 
the mountains of //' 1A |\ I 
Ecuador. Nearly 
allied to this is a 
third and_ extinct 
species (C. murchi- 
SOM) == tit On, thie 
Miocene rocks of 
Baden; and _ since, 
as already men- 
tioned, the mud- 
terrapins, and prob- 
ably also Maw’s 
terrapin, were repre- 
sented in the Tertiary 
strata of Europe, it 
is not improbable 
that the Eastern Hemisphere may have been the 
original home of the present group of families. 


TEMMINCK’S SNAPPER 


Attaining considerably larger dimensions than the 
alligator-terrapin, the species commonly known as 
Temminck’s snapper (Macroclemmys temminckt) is dis- 
tinguished by the lateral position of the eyes, the 
sockets of which are invisible in a front view of the 
skull, as well as by the presence of three or four 
additional, or supramarginal, shields on the sides of the 
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carapace, and by the under surface of the tail being 
covered with small scales. The triangular head is 
proportionately even larger than in the alligator- 
terrapin, and the carapace carries three very strongly 
marked longitudinal ridges. In length the shell may 
measure at least a couple of feet, the tail being some- 
what shorter. This species inhabits North America 
from Western Texas to Florida, extending northwards 
to Missouri. 

Since the alligator-terrapin and Temminck’s snapper 
appear to be very similar in their mode of hfe, their 
habits may be treated of collectively. Both these 
tortoises frequent alike the rivers and larger swamps 
of the United States, occurring in certain localities in 
enormous numbers, and most commonly in waters that 
have a muddy bottom, not even disdaining the most 
malodorous pools. As a rule, they lie in deep water 
near the middle of the river or swamp, although at 
times they show themselves on the surface, where, 
with outstretched necks, they float with the current. 
In populated districts the least sound is, however, 
sufficient to send them at once to the bottom, although 
in more remote regions they are less shy. At times 
they may be observed at considerable distances from 
the water, probably in search of food or of suitable 
spots to deposit their eggs. 

Temminck’s snapper well deserves its name, since, 
from the moment of its escape from the egg, it 
begins to snap and bite at everything within its 
reach ; and an adult has been known to make a clean 
perforation with its powerful beak through the blade 
of an oar half an inch in thickness ; and these chelonians 
have been known to inflict terrible wounds on persons 
who have incautiously entered waters where they 
abound. In the water the movements of these reptiles 
are more rapid than those of most of their kin, and 
when in pursuit of prey they swim with surprising speed. 

Their food consists largely of fishes, frogs, and other 
water-animals ; but they will also frequently seize 
and drag down large 
aquatic birds, more 
especially ducks and 
geese. Tame speci- 
mens kept in a pond 
| in the United States 
\ proved terrible foes 
to the stock of fish 
|} contained in _ the 

Same. Dhieeg easy 
which vary from 
| twenty to thirty in 
number, and _ are 
about the size of 
those of a pigeon, 
are deposited on the 
ground near water, 
and carefully covered 
over with leaves. 

In captivity these 
tortoises thrive well 
1 ULO Dew It meine 
water be kept at a 
sufficiently high temperature; and a specimen of 
Temminck’s snapper, which lived for more than 
thirteen years in the Brighton Aquarium, grew toa 
length of between 4 and 5 feet from beak to tail, whereas, 
on its arrival, it measured less than a foot. Although 
the flesh of the adult of this species has such a strong 
musky flavour as to be uneatable, that of the young 
is stated to be tender and palatable. The eggs are 
also sought after as articles of food ; and when two or 
three females have laid together, as many as from sixty 
to seventy may be taken from a single nest. 
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TURTEES 


HE members of all the families‘of chelonians hitherto 
mentioned have their feet more or less fully adapted 
for walking on land, and the majority of the toes fur- 
nished with well-developed claws or nails, while the 
carapace is generally of a somewhat oval form. The 
true turtles (Chelonide), on the other hand, while 
agreeing with the foregoing groups in having their 
shells covered with horny plates, are at once dis- 
tinguished by the limbs being converted into flattened 
paddles, in which, at the most, only two of the toes 
are furnished with claws. They are further charac- 
terised by the heart-like form of the carapace, within 
which the head can be only partially withdrawn ; 
as well as by the circumstance that the plastron is 
never united by bone to the carapace, and vacuities 
remain in the latter between the costal and marginal 
bones either throughout life or for a very long period. 
The skull has its temporal pits completely roofed over 
by bone, and the vertebre of the very short tail have 
the articular cup in front and the ball behind. 

Entirely marine in their habits, and resorting to the 
shore only for the purpose of breeding, turtles lay 
spherical eggs with thin, parchment-like shells, on 
sandy shores. In their entire conformation these 
chelonians are admirably adapted for an aquatic 
life, the body being depressed to facilitate rapid 
progress through the water, both the skull and shell 
being of unusually light and porous structure; while 
the limbs form most perfect paddles, capable of pro- 
pelling their owners with great speed through the 
water. The head is placed upon the neck in such a 
manner as to allow of the nostrils being rapidly raised 
above the surface of the water for the ‘purpose of 
breathing, and the nostrils themselves can be her- 
metically closed by means of fleshy valves. The 
three best-known species of turtles, which are assigned 
to two genera, are inhabitants of all tropical and sub- 
tropical seas; one species—the loggerhead—occurring 
in the Mediterranean, and occasionally wandering 
northwards. 

Widely celebrated as the source of turtle-soup, the 
green turtle (Chelone mydas) is one of two species 
belonging to a genus characterised by the presence of 
four pairs of costal shields on the 
carapace, and by the persistence 
of the vacuities between the costal 
and marginal bones of the latter 
throughout life. The plastron is, 
moreover, distinguished, by the 
presence of an intergular shield 
between the two gulars ; while, as 
in the second genus, there is a row 
of inframarginal shields between 
the marginals and the proper 
shields of the plastron. The skull 
is of moderate size in comparison 
to the shell, with the sockets of 
the eyes placed nearly vertically, 
and separated by a broad bar of 
bone. Such are the characters 
common to the two species of the 
typical genus of the family. 

The green turtle is specially 
distinguished by its short beak, 
which is devoid of a hook at the 
tip, and by the shields of the 
carapace being in contact by their 
edges all through life. In the 
young the carapace shows a faint 
median keel ; and its hind margin 
is at most only feebly serrated at 


all ages. Generally there is only a single claw on each 
paddle, although, in some instances, young specimens also 
have a claw on the second digit. In colour the shell of 
the adult is olive or brown, with yellowish spots or 
marblings ; but in the young it is uniform dark brown 
or olive above, and yellow beneath, the limbs being 
bordered with yellow on the upper surface, and inferiorly 
yellow with a brown spot near the extremity. The 
food of this species consists of seaweeds, especially the 
sea-wrack, upon which the turtles graze at the bottom of 
the water, rising occasionally to the surface to breathe. 

Generally . rejected as food, the hawksbill turtle 
(CG. imbricata) enjoys thereby no respite from persecu- 
tion, since it is eagerly hunted for the beautifully mottled 
horny shields of its shell, which are the chief source of 
the tortoiseshell of commerce. In its young state 
the hawksbill may be readily distinguished from the 
preceding species by the circumstance that the horny 
shields on the back of the three-ridged shell overlap 
one another like the tiles on a roof. With advancing 
age the shields graduall¥, however, become smooth, 
and in very old specimens they meet at their edges, as 
in other members of the order. At all ages the hind 
margin of the carapace is more or less strongly serrated ; 
and the compressed and sharply-hooked beak will 
always serve to distinguish at a glance a hawksbill 
from a green turtle. Moreover, the limbs are always 
furnished with two claws each. 

In the adult the shields of the carapace are beautifully 
marbled and mottled with yellow and dark reddish 
brown, while the plastron is yellow, and the shields 
on the head and paddles are brown with yellow margins. 
In size this species is somewhat inferior to the green 
turtle, the carapace attaining a length of about 32 
inches, against 42 inches in the latter. In habits the 
hawksbill differs markedly from the green turtle, being 
exclusively carnivorous. 

The third, and probably the largest, species of turtle 
is the loggerhead (Thalassochelys caretta), easily recog- 
nised by its enormous head and the presence of at 
least five costal shields on each side of the carapace, 
which differs from that of the two preceding species 
by becoming completely ossified in the adult state. 
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The beak is strongly hooked; and 
while in the young there are usually 
two claws to each paddle, one of 
these frequently disappears in the 
adult. In colour the adult is brown 
above and yellowish beneath; but 
the young are uniformly dark brown . 
or blackish. 

The Mexican loggerhead (T. kempz), 
from the Gulf of Mexico, differs in 
having a median ridge on the bone 
of each jaw, whereas in the ordinary 
species such ridges are confined to 
the investing horny sheath. Logger- 
heads appear to feed on cuttles and 
other molluscs, their powerful beaks 
enabling them to crush strong conch- 
shells as easily as a man can crack a 
nut. * 

Apart from the difference in their 

_ food, all turtles appear to be similar: 
in their general mode of life, never 
leaving the sea except for the 
purpose of laying their eggs, and 
then shuffling along in an awkward, 
ungainly manner. During the laying 
season they resort in vast numbers 
to low, sandy coasts, especially 
unfrequented tropical islands, and 
if once turned on _ their backs, 
while on shore, are unable to right 
themselves again. This habit of 
resorting to the land to lay their eggs clearly proves, 
it may be observed, the descent of turtles from fresh- 
water members of the order. 

Writing of the green turtles at Aldabra, near the 
Seychelles group of islands, Mr. Spurs remarks that 
the males permanently frequent the bays of that island, 
the females when they attain full maturity (twenty 
or twenty-five years) disappearing altogether. When 
the latter come to the shore for the purpose of laying, 
their shells are covered with barnacles of two or three 
weeks’ growth. Commercially the females tare more 
valuable than the males, and, as they are more easily 
captured, the proportion found on the island is one 
female to every ten males, although for one of the 
latter about ten of the former sex are hatched. 

Turtles usually come ashore on fine moonlight nights, 
displaying great caution in landing, and then generally 
uttering a loud hissing noise which serves to disperse 
many of their enemies. Once landed, the female turtle, 
writes Dr. Audubon, “ proceeds to form a hole in the 
sand, which she effects by removing it from under her 
body with her hind flippers, scooping it out with so 
much dexterity that the sides seldom, if ever, fall in. 
The sand is raised alternately with each flipper, as 
with a large ladle, until it has accumulated behind her, 
when, supporting herself with her head and fore part 
on the ground fronting her body, she, with a spring 
from each flipper, sends the sand around, scattering 
it to the distance of several feet. In this manner the 
hole is dug to the depth of eighteen inches, or some- 
times more than two feet. This labour I have seen 
performed in the short space of nine minutes. _ : 

‘The eggs are then dropped one by one, and disposed in 
regular layers, to the number of one hundred and fifty, 
or sometimes nearly two hundred. The whole time 
spent in this part of the operation may be about 
twenty minutes. She now scrapes the loose sand 
back over the eggs, and so levels and smooths the 
surface that few persons on seeing the spot could 
imagine that anything had been done to it. This 
accomplished to her mind, she retreats to the water 
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with all possible despatch, leaving the hatching of the 
eggs to the heat of the sand.” 

During a season each female will lay three clutches 
of eggs, at intervals of from a fortnight to three weeks, 
usually from one hundred and twenty-five to one 
hundred and fifty in number. No sooner are the 
young turtles hatched than hosts fall victims to land- 
crabs, frigate-birds, and other sea-birds, while, when 
they reach the sea, they are attacked by swarms of 
predaceous fishes. To escape the latter, the young 
reptiles allow themselves to be carried out by currents 
into deep water, where they are less readily seized. 
During the breeding season the males fight desperately 
with one another, to the great joy of the sharks, by 
whom the disabled ones are seized. 

When first laid, the round eggs of turtles are never 
quite full, but before hatching become completely 
distended. In describing the breeding habits of the 
turtles kept in a pond near the dockyard in Ascension 
Island, Professor Moseley states that in the breeding 
season the females dig great holes as large as them- 
selves in nk of sand in which to deposit their eggs. 
The san which the eggs are laid does not feel warm 
to the hand, but during the daytime is rather cool, 
and at all times is moist. Its temperature appears to 
undergo no material variation, owing to the depth at 
which the eggs are deposited, such medium amount of 
heat being sufficient for the hatching. 

Although a large number of green turtles are captured 
by being turned on their backs while on shore, in the 
Seychelles and Bahamas they are harpooned. In 
Keeling Island the method of capture is described by 
Darwin as follows: ‘‘ The water is so clear and shallow 
that, although at first a turtle dives quickly out of sight, 
yet, in a canoe or boat under sail, the pursuers, after 
no long chase, come up to it. A man, standing nearly 
in the bows at this moment, dashes through the water 
upon the turtle’s back, then, clinging with both hands 
to the shell of the neck, he is carried away, till the 
animal becomes exhausted, and is secured.” 

In China and Mozambique turtles are captured by 


1625 


HARMSWORTH NATURAL HISTORY 


means ot sucking-fishes, which are taken to a spot 
where the reptiles are basking upon the surface of the 
water. Each fish has a ring round its body, to which 
a line is attached, and as soon as it securely fastens 
itself by its sucking-disc to the back of a turtle, both 
captor and captured are drawn ashore. Although 
those of the ipoathead have a somewhat musky 
taste, the eggs of the other species of turtle are much 
esteemed as articles of food, while all yield a valuable oil. 

As already mentioned, tortoiseshell is mainly a 
product of the hawksbill turtle. As the raw tortoise- 
shell is very unlike the finished article, with which 
all are familiar, Professor T. Bell’s brief account 
of the process of manufacture may be quoted. As the 
horny shields, when removed from the turtle, are highly 
curved, ‘‘ the uneven curvature has first of all to be 
removed, and the plate rendered perfectly flat. This 
is effected by immersing it in hot water, and then 
allowing it to cool under heavy pressure between 
smooth blocks of wood or metallic plates. The 
surface is then rendered smooth, and the thickness 
equal, by scraping and filing away the rough and 
prominent parts. In this way each plate receives an 
even and smooth surface. But it is in many cases 
desirable to employ larger pieces than can be obtained 
from single plates, and two pieces are then united 
together in the following manner. The edges are 
bevelled off to the space of two or three lines, and the 
margins, when placed together, overlap each other to 
that extent. They are then pressed together by a 
metallic press, and the whole is submitted to the action 
of boiling water; and by this means the two pieces 
are so admirably soldered together as to leave no 
indication of the line of union. By the application 
of heat, also, the tortoiseshell may be made to receive 
any impression by being ~~ 
pressed between metallic 
moulds.” Necklaces, and so 
forth, are made by pressing 
the fragments and dust in 
moulds. 

Turtles more or less closely 
allied to the existing kinds 
abound in marine strata of 
the Tertiary and Cretaceous 
epochs, some belonging to 
extinct and others to the 
living genera. Among the 
latter, the gigantic Hoff- 
mann’s turtle (Chelone hoff- 
mannt) from the Chalk of 
Holland appears to have been 
allied to the hawksbill, but 
had a shell of some 5 feet in 
length. Extinct loggerheads 
occur in the London Clay ; 
and an allied extinct genus 
(Lytoloma), common to the 
same formation and_ the 
upper Cretaceous deposits, is 
remarkable for the great length of the bony union 
between the two branches of the lower jaw, and also 
for the circumstance that the aperture of the internal 
nostrils is placed quite at the hind extremity of the 
palate, as in modern crocodiles. In strata older than 
the Chalk, such as the Purbeck and other Oolitic rocks, 
are found remains of turtles having heart-shaped shells, 
but clawed limbs, and a vacuity in the centre of the 
plastron, these forming an extinct family (Acichelyide), 
from which the modern turtles have probably 
originated. 

A large extinct turtle from the Cretaceous rocks of 
Kansas approximates in the structure of its shell to 
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the above-mentioned Lytoloma, but the skull comes 
nearer to that of the Chelydvid@g. That the genus 
should be classed with the true turtles Dr. G. R. Wieland, 
who has described several specimens, is fully convinced, 
although he believes the limbs to have been inde- 
pendently modified forswimming. The most interesting 
feature in the organisation of this turtle is the presence 
of certain bony elements overlying the junctions 
between the neural bones of the carapace, which may 
have been more extended in other types, and may 
represent the mosaic-like shell of the leathery turtles. 
LEATHERY TURTLE 

The remarkable leathery turtle, or luth (Dermochelys 
coviacea), which is the solitary survivor of a series of 
extinct forms, is one of those animals whose serial 
position is a matter of dispute among naturalists ; 
some of whom regard it as so different from all other 
chelonians that it ought to represent a suborder by 
itself, while others believe it to be merely a highly 
specialised form allied to the true turtles and give it 
family rank as Devm@ehelyid@. From the evidence 
afforded by extinct species, the latter view appears 
more likely to be true. The essential peculiarity of 
the leathery turtle is to be found in the nature of its 
carapace, which is a mosaic-like structure composed of 
a number of irregular discs of bone closely joined 
together and entirely free from the back bone and ribs. 

In certain extinct species the carapace, on the other 
hand, is represented merely by a row of marginal 
bones, while in others there appears, as mentioned above, 
to be evidence of a superimposed carapace corresponding 
to that of the modern luth, and of a second subjacent 
one representing the true carapace of ordinary turtles. 
From this it has been inferred that these reptiles are 
derived from true turtles by 
a gradual disintegration and 
breaking up of the carapace. 

In the living genus the 
carapace is completely bony, 
and marked by seven pro- 
minent longitudinal keels ; 
but the plastron is much less 
fully ossified, and carries five 
similar keels, the unpaired 
entoplastral bone being 
wanting. The head, which 
is covered with small shields, 
is remarkable for its relatively 
large size and globose form ; 
the beak bearing two tri- 
angular cusps situated be- 
tween three deep notches. 
The jaws differ from those of 
the true turtles in being 
sharp-edged from end_ to 
end, without any expanded 
bony palate; and there is 
also an important difference 
in the structure of the skull 
itself, which may, however, be apparently the result 
of specialisation. As in the true turtles, the limbs 
are converted into flattened paddles, which are, 
however, completely destitute of claws; the front 
pair being much elongated, narrow, and pointed, while 
the hind ones are short and truncated. The humerus, 
or bone of the upper arm, has the same general form as 
in the true turtles, and is thus very unlike the cor- 
responding bone of other members of the order. The 
process marked 0b in the figure on page 1627 is more 
developed than in the typical turtles; and the 
foramen (e), at the lower end, is unique in the order. 
Largest of living turtles, the leathery turtle exceeds 
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6 feet in length; and while in the young the front 
flippers are equal in length to the shell, in the adult 
they become relatively much shorter. The general 
colour is dark brown, which may be either uniform or 
relieved with yellow spots; the longitudinal tuber- 
culated keels on the shell, as well as the margins of the 
limbs, being invari- 
ably yellow in the 
young. 

This turtle is 
generally distri- 
buted throughout 
the tropical portions 
of the Atlantic, 
Indian, and Pacific 
Oceans, whence it 
occasionally 
wanders to the 
coasts of cooler 
regions, including 
those of the British 
Isles. Yearly be- 
coming scarcer, 
it seems to be one 
of those species 
which stand a fair 
chance of exter- 
mination at no very 
distant date. Al- 
though little is 
known as to the mode of life of this turtle, it appears 
that its food is chiefly of an animal nature, comprising 
fish, crustaceans, and molluscs. In the breeding season 
it appears in numbers on the Tortugas Islands, off the 
coast of Florida, and sometimes in still greater abund- 
ance on the sandy shores of Brazil. 

Arriving somewhat later than the true turtles, it 
deposits its eggs in a similar manner, laying as many as 
three hundred and fifty, in two batches; while at times, 
when three or more females have a nest in common, 
upwards of a thousand eggs may be found in a single 
spot. When hatched, the young turtles immediately 
seek the water, where, however, they have almost as 
many foes as on land; so that it is probable that only a 
very small percentage arrive at maturity. The strength 
and weight of a full-grown individual are very great ; 
one captured some years ago on the coast of Tenasserim 
requiring the combined efforts of ten to twelve 
men to drag it on to the beach. The flesh has 
an unpleasant flavour, and is not, therefore, 
generally eaten. The name luth refers to a 
fanciful resemblance between the carapace of 
this species and an ancient type. 
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Gigantic as is the existing leathery turtle, 
it was considerably exceeded by some of its 
extinct allies. Among these the huge Eo- 
sphargis, from the London Clay, with a skull of 
neatly a foot in length. apparently had a cara- | 
pace consisting only of one median row of | 
broad-keeled body plates, and a border of 
marginal bones; while in Psephophorus, from 
the higher Eocene and Miocene strata of the 
Continent, both upper and lower shells were 
formed of mosaic-like bones, which, it is thought, were 
overlain by horny shields. In the earlier Protostega 
and Protosphargis, from the Cretaceous rocks of North 
America and Europe, the upper shell appears to have 
been represented merely by a row of marginal bones, 
while the lower one was very stoutly ossified ; some of 
these early forms probebly attained a length of from 
Jo to 12 feet. 
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Another generic type of marine turtle (Eochelone 
brabantica) has been described from the middle Eocene of 
Belgium. In the forward position of the aperture of the 
inner nostrils, as well as in the shortness of the union 
between the two branches of the lower jaw, this species 
differs from typical turtles, and approximates to the 
luth. And as both 
the upper and lower 
shells are much re- 
duced, and show 
many vaculities, this 
species seems to 
confirm the view 
that the luth is a 
specialised form de- 
rived from the an- 
cestors of the true 
turtles. Neverthe- 
less, On account 
of its peculiar un- 
attached “mosaic” 


carapace, its. de- 
SKormilogien Mies aL, 
Dollo, considers 


that, together with 
Psephophorus, it 
should represent a 
family by itself. 
On the other hand, 
all the other turtles, 
including the luth-like Eosphargis of the London Clay, 
are placed by this naturalist in the family Chelonide, 
on account of their possessing, albeit in some, cases 
in a rudimentary condition, a carapace attached to 
the ribs. 

Further evidence of kinship between the luth and 
typical turtles is afforded by the American Cretaceous 
turtles classed in a separate family, the FProtostegide. 
These extinct generic types of turtles, as represented 
by Protostega and Archelon, attained gigantic dimensions, 
and, in accordance with the needs of a marine existence, 
lightened the carapace by a great reduction in the size 
of the costal plates, which are more aborted in the 
first-named genus than in the modern genus Chelone, 
thus leaving very large intercostal vacuities. This 
reduction of the costals is carried to a still greater. 
degree in Avchelon, the absorption process being also 

extended to the neural bones, many of which 
~) appear to be reduced to thin films. Upon 
; the neurals in this genus are, however, 
superimposed a series of irregularly shaped 
epimeural dermal bones, which undoubtedly 
correspond to the neural keel of Dermochelys, 
and discharge the function of the aborted 
| neurals. 
b || In life .Avchelon apparently possessed a 
| leathery hide, with a system of keels similar 
to those of the leathery turtle. In regard to 
the relationship between these and other 
turtles, Dr. G. R. Wieland observes ‘‘ that of 
the two camps which have attacked the 
difficult and highly attractive problem of the 
origin of Devmochelys, those favouring the 
view of a close relationship to ordinary 
turtles and a comparatively recent origin 
have rather the best of the argument.’ It seems, 
in fact, that Deyvmochelys and its allies, having become 
less pelagic in habits than ordinary turtles, found the 
reduction of the bony framework of their carapace a 
disadvantage, and they accordingly developed a 
secondary structure of overlying dermal bones to 
take the place of the proper carapace, which then 
underwent a still further reduction, and finally vanished. 
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N place of withdrawing the head into the shell 
by means of an S-like flexure of the neck in a vertical 
plane, as in all the groups hitherto described, the 
remainder of the living tortoises with complete shells 
bend the neck sideways in a horizontal plane (as shown 
in the illustration on’ page 1630), and thus bring the 
head within the margins of the shell. Accordingly, 
the group is collectively spoken of as the side-necked 
tortoises, or Pleurodira. This character is alone amply 
sufficient to separate the group from the foregoing 
assemblage of S-necked, or cryptodiran, tortoises, but 
since there are also certain 
features by which the skulls 
and shells of the two groups 
can be identified, it is im- 
portant that these should be 
noticed. 

As regards the skull, this is 
distinguished in the first 
place by the tympanic ring 
surrounding the aperture of 
the ear being complete, as 
may be seen by comparing 
the accompanying figure with 
the one on page 1602, and 
also by the circumstance that 
the lower jaw articulates by 
means of a knob-like condyle 
with a corresponding cavity 
in the quadrate bone, whereas 
in the preceding group the 
positions of the condyle and 


at the present day are exclusively restricted to the 
Southern Hemisphere, while they are the only members 
of the order found in Australia and New Guinea. 
During the earlier portion of the Tertiary period they 
extended, however, into the Northern Hemisphere, 
and in the preceding Secondary period were abundantly 
represented in Europe. These facts show that the 
group is a very ancient one, and by the presence of the 
additional mesoplastral elements in the lower half of 
the shell of some of its representatives it is allied to 
a third and totally extinct group, the Amphichelydia, 
which disappeared before the 
close of the Secondary period. 
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The extraordinary reptile 
known as the matamata 
(Chelys fimbriata) is the 
typical representative of the 
first of the existing families 
of the group; the various 
genera included in this family 
(Chelyide) being collectively 
characterised by the presence 
of the normal nine bones in 
the plastron, by the neck 
being incapable of complete 
retraction within the margins 
of the shell, and the absence 
of a bony temporal arch to 
the skull. Eight living genera 
are included in the family, 
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veloped, and forms a solid 
box, presents the peculiarity 
that both the carapace and the hind part of the 
plastron are immovably welded to the bones of the 
pelvis; its upper and lower moieties thus having a 
bond of union which is totally lacking among the 
S-necked tortoises. Further, the vertebre of the neck 
are furnished with projecting lateral or transverse 
processes, which are absent from the latter group. 
In addition to these absolutely characteristic features, 
there are certain other points connected with the 
anatomy of the side-necked tortoises which demand a 
brief notice. With the exception of one species, which 
lacks horny shields on the shell, 
these tortoises are characterised by the 
presence of an intergular (7.gu) shield 
between the two gulars (gu) on the front 
of the plastron; such intergular shield 
being, as already mentioned, rarely 
present in the S-necked group. Very “” 
generally among the present assemblage 
one or more of the pairs of costal bones 
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and New Guinea. 

The matamata, which is 
an American species inhabiting Guiana and Northern 
Brazil, and is the sole living representative of its genus, 
is easily recognised by its broad and elongated neck, of 
which the sides are fringed with peculiar fimbriated 
projections, and the depressed and triangular head, 
terminating in a proboscis-like nose, and furnished with 
very small eyes. Not less characteristic is the equally 
depressed and much-corrugated shell, in which the 
carapace bears three longitudinal ridges, subdivided into 
knotty protuberances by cross-valleys; the horny shields 
of the same being extremely rugose, and marked with 
deep, radiating lines. The vertebral shields 
are broader than long, the hind marginals 
are more or less strongly serrated, and 
there is a distinct nuchal shield on the 
front edge of the carapace. On the 
removal of the horny shields from the 
carapace, it is seen that only the last 
pair of costal bones meet in the middle 
line, owing to the presence of only seven 
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line, owing to the absence of some of 4 s1pE-NECKED TORTOISE, WITH 
HORNY SHIELDS REMOVED 


the median unpaired series of neural 


The plastron is narrow and deeply 
notched behind, the tail is very short,- 


bones; in certain cases the whole of the The thicker lines indicate the boundaries of and the toes are fully webbed. In 


costals thus meeting, owing to the 
absence of all the neural bones. It may be added 
that while in the family Chelyid@ the plastron contains 
the same nine bones as in the side-necked tortoises, 
in a second family, Pelomeduside, there are eleven 
bony elements in this part of the shell, owing to the 
presence of an additional (mesoplastral) pair between 
the normal hyoplastral and hypoplastral bones. 

The side-necked tortoises, of which the great 
majority may be included in the two families Chelyide 
and Pelomeduside, are all of fresh-water habits, and 


the shields 


addition to the rows of fimbriated ap- 
pendages on each side of the neck, there is a similar 
outgrowth of skin on the chin, and a larger pair of 
appendages above the ears. In colour the adult is 
uniform brown, but the young are prettily marked with 
bands of brown and yellow on the chin and neck, and 
the shell is ornamented with black and yellow spots. 
The species is of comparatively large size, the shell 
attaining a length of 15 inches. 

Unfortunately, little is known as to the mode of life 
of this strange tortoise. When in its native element, 
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when the loose layer containing the eggs 
has been reached. 

According to measurements taken by 
Humboldt, the stratum extended to a 
distance of one hundred and twenty feet 
from the water, and averaged three feet 
in depth. The whole area is regularly 
parcelled out among the Indians, who 
proceed to work the layer with the regu- 
larity of miners. The sand having been 
removed, the eggs are carried in small 
baskets to the neighbouring encampment, 
where they are thrown into long wooden 
troughs of water. Here they are broken 
and stirred up with shovels, and the mass 
then left in the sun till all the oily matter 
has collected at the surface, from which it 
is continually ladled off, and taken away 
to be -boiled over a quick fire. The 
result of this process is a limpid, in- 
odorous, and slightly yellow substance 
known as “ turtle-butter,’’ which can be 


used for much the same purpose as olive- 


oil. In spite of the enormous quantity 


of eggs thus taken, numbers are hatched, 
and Humboldt saw the whole bank of 
the Orinoco swarming with small tortoises 
of an inch in diameter, that escaped only with diffi- 
culty from the pursuit of the Indian children. All 
these tortoises are vegetable-feeders ; and the females 
greatly exceed the males in size. 

On the Upper Amazon the large species, according 
to Mr. Bates, is captured either by means of nets 
or by shooting with arrows. On such occasions, after 
the net is set in a semicircular form at one extremity 
of a pool, the party spread themselves around the 
swamp at the opposite end, and begin to beat with 
poles in order to drive the tortoises towards the middle. 
This process, on the occasion referred to, ‘“‘ was con- 
tinued for an hour or more, the beaters gradually 
drawing nearer to each other, and driving the hosts 
of animals before them; the number of little snouts 
constantly popping above the surface of the water 
showing that all was going on well. When they neared 
the net, the men moved more quickly, shouting and 
beating with great vigour. The ends of the net were 


then seized by several strong hands and dragged sud- 
denly forwards, bringing them at the same time 
together, so as to enclose all the booty in a circle. 
Every man now leapt into the enclosure, the boats 
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were brought up, and the turtles easily captured by 
the hand and tossed into them.” Altogether, about 
eighty individuals were captured in the course of 
twenty minutes or so. 

In shooting tortoises, the arrow employed has a 
strong lancet-shaped steel point, fitted to a peg which 
enters the tip of the shaft. To the latter the peg is 
secured by a hank of twine some thirty or forty yards 
in length, and neatly wound round the body of the 
arrow. When a tortoise is struck, the peg drops out 
from the shaft, and is carried down by the diving 
animal, leaving the latter floating on the surface. 
Thereupon the sportsman paddles up to the arrow, 
and proceeds to “play” his victim until it can be 
drawn near to the surface, when it is struck with a 
second arrow, after which, by the aid of the two 
cords, it can be safely drawn ashore. In many villages 
on the Amazon every house has a pond, in which a 
number of these tortoises are kept for food. 


OTHER» GENERA 


The other two living genera of the family Pelomedu- 
sid@, namely, the typical Pelomedusa and Sternotherus, 
differ from the first by the absence of a bony roof to 
the temporal region of the skull, and likewise by the 
presence of five claws in both the front and hind feet. 
The former has the mesoplastral elements of the 
plastron small and similar to those of the arru tortoises, 
but in the latter these are as well developed as the 
other elements of the plastron, meeting in the middle 
line. Pelomedusa is represented by a single species 
common to Africa and Madagascar, but of the six 
species of Sternotherus five are exclusively African, 
while the sixth inhabits Eastern Africa and Mada- 
gascar. S. dervbianus is one of the species. 

Reference may be made here to Steveogenys cromert, 
a large species from the Eocene of Egypt characterised 
by the backward position of the opening of the inner 
nostrils, due to the development of a secondary bony 
floor below the palate. A similar feature occurs in 
the contemporary turtles of the genus Lytoloma. 


THE: FEWeSRIVER TURTLE 
A remarkable chelonian (Carettochelys insculpta) from 
the Fly River, New Guinea, differs from all other 
members of the side-necked group in the absence of 
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horny shields on the shell and the conversion of the 
limbs into paddles, each of which carries only two 


claws. The neck is not retractile. 


In the carapace 


there are six very small neural bones, which are not 


in contact with one 
another, thus allowing 
each pair of costals to 
meet in the middle 
line, and the plastron 
has only the usual 
nine bones. A wavy 
sculpture ornaments 
the whole of the ex- 
ternal surface of the 
shell, which attains a 
length of about 18 
inches. The head is 
large, and the tail 
relatively short. The 
species, which repre- 
SentS a separate 


family, Carettoche- 
lyide, is still very 
imperfectly known ; 


and it has been sug- 
gested that it does . 
not belong to the 
side-necked group at 
all. 


member of the same family, as its 
shell was similarly devoid of horny 
shields. 


EXTINCT FAMILIES 


The most aberrant members of the 
entire chelonian order are certain 
extinct gigantic tortoises (Mzolania) 
from the later Tertiary deposits of 
Australia and Patagonia, characterised 
by the presence of several pairs of 


Cae 


It is not improbable that a chelonian, Hemichelys, 
from the Eocene rocks of India indicates 


a second 


SKULL OF A HORNED TORTOISE 


horn-like protuberances on the skull, and also by the 
investment of the tail in a bony sheath, recalling that 


of an armadillo. Un- 
fortunately, the shell 
of these strange rep- 
tiles is known only 
by fragments ; but, 
from the conforma- 
tion of the bones of 
the feet, it appears 
that they were terres- 
trial, while the struc- 
ture of the palate 
indicates that they 
were herbivorous. 
They clearly consti- 
tute a fourth family, 
Miolantidez, of side- 
necked tortoises. The 
remarkable geograph- 
ical distribution of 
this group is probably 
due to a_ former 
land connection be- 
tween South America 
and Australia. 

The Secondary 
rocks of Europe con- 
tain the remains of a 


SHIELDS REMOVED, 


WEALDEN 


number of extinct tortoises which may be referred to a 
fifth family, Plesiochelyid@, of the side-necked group. 
While agreeing with the existing Chelyid@ in having 


only nine bones in the plastron, these extinct forms 
differ by the much greater thickness of their shells, 
and also by the circumstance that only one of the 
pelvis 


lower 


bones 


of the 
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is welded to the upper 
surface of the plas- 
tron, whereas in the 
existing families both 


are thus ufnited. 
Abundant in both the 
Oolitic and Wealden 
rocks, the majority 


of these tortoises are 
referred to the genus 
Plesiochelys, although 
some are separated as 
Hyleochelys, these 
being distinguished by 
the enormous width of 
the vertebral shields, in 
which the breadth may 
be three times the 
length. Nothing ap- 
proaching this con- 
formation is to be 
met with among living 
representatives of the 
order. 

Certain extinct tor- 


toises, such as Pleurosternum from the Purbeck Oolite 
of Swanage, and Baéna of the Eocene rocks of the 


an 


United States, indicate the exist- 
ence of an extremely generalised 
group of the order known as the 
Amphichelydia, the members of which 
present many characters common to 
the existing S-necked and side-necked 
groups, so that they may have 
been the ancestral stock of both 
the latter. All of them have eleven 
bones in the plastron, owing to 
the presence of mesoplastrals, and 


intergular shield, but the pelvis may or may 


not be connected with the plastron. 


TORTOISE 


(A) RIGHT HALF OF CARAPACE OF BLACK STENOTHERE WITH HORNY 


(P) IMPERFECT CARAPACE OF WIDE-SHIELDED 


In the first of the 
genera named, the 
mesoplastral bones 
extend right across 
the shell to meet in 
the middle line, and 
one of the bones of 
the pelvis articulates 
to a smooth oval 
facet on the plastron. 
On the other hand, 
in the second genus 
the mesoplastral bones 
are incomplete, as in 
the existing arru tor- 
toises, and there is 
no union between the 
pelvis and the plas- 
TPO. SS1n Cee e is 
probable that the 
plastron of the chelo- 
nians has originated 
from a system of 
abdominal ribs similar 
to those of the tua- 
tera, it is interesting 
to notice that these 


generalised tortoises had a larger number of plastral 
elements than are to be found in the majority of the 
existing representatives of the order. 
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HE last group of the chelonian order comprises the 
soft river-tortoises, which are now confined to 
the warmer regions of Asia, Africa, and North America, 
but during the middle portion of the Tertiary period 
appear to have been extremely abundant in the rivers of 
England and other parts.of Europe. The whole of these 
tortoises are included in a single family, Tyvtonychide, 
which forms a group, Trionychoidea, of equivalent value 
to the S-necked and side-necked sections ; and it is not 
a little remarkable that while in the greater part of 
their organisation they approximate to the former 
group, in certain features connected with the skull 
they come nearer to the latter. 

The most striking peculiarity of the soft tortoises 
is to be found in the nature of their shells, which are 
covered with a thin continuous leathery skin over- 
lying the sculptured bones of the shell, and are entirely 
devoid of horny shields. The lower shell, or plastron, 
is always very imperfectly ossified, and completely 
separate from the carapace; and the carapace itself 
never has a complete series of marginal bones, and 
passes at its borders into a soft expansion of skin, 
from which the name of the group is derived. If 
marginal bones occur at all, they are confined to the 
hind border of the shell, and are unconnected with 
the ribs, having, in fact, 
nothing in common with 
the bones so named in 
other tortoises, and 
being doubtless of inde- 
pendent origin. In being 
unconnected with the 
plastron, the pelvis 
resembles that of the 
S-necked group, and the 
head is retracted by a 
similar S-like flexure of 
the neck ina vertical 
plane. 

In regard to the mode 
of articulation of the 
lower jaw with the skull, 
and lkewise in the 
presence of a notch in 
the hind border of its | 
tympanic ring, the soft 
tortoises again resemble 
the group last men- 
tioned; although in the 
general form of the skull 
and the conformation of 
the palate they come 
nearer to the side-necked 
group. A distinctive 
Decl Larity of the 
skeleton is to be found in 
the presence of at least 
four joints in the fourth 
toe of each foot. Ex- : 
ternally softtortoises are ! Weis 
characterised by their 
long, snake-like necks, 
which, together with the head, can be completely with- 
drawn into the shell, and also by the proboscis-like snout, 
and the thick, fleshy lips concealing the jaws. The ear is 
completely concealed ; and each foot, as indicated by 
the scientific name of the group, carries only three 
claws, which are borne by the three inner toes. As a 
rule, the colour of the skin is greenish olive, with small 
yellow or orange spots, passing into streaks on the under 
surface of the head, but some species have a few large 
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eye-like spots on the back of the shell. Although all 
the soft tortoises are included in one family, they are 
atranged in six genera, three of which are nearly allied 
to one another, as are likewise the remaining three 
among themselves 

The first and largest genus, the typical Tvionyx, con- 
tains fifteen living species, with a distribution coexten- 
sive with that of the family. The members of this 
genus are collectively characterised by the absence of a 
fold of skin on the hind part of the under shell, beneath 
which the leg may be concealed, by the sculpture on the 
shell being generally in the form of wavy raised 
lines, and by the hyoplastral and hypoplastral bones 
of the lower shell remaining distinct from one 
another. In the skull, as shown in the figure on 
page 1628, the sockets of the eyes are placed relatively 
far back, and widely separated from the aperture of 
the nose. 

Among the better-known species, mention may be 
made of the Gangetic soft tortoise (I. gangeticus), now 
confined to the river system from which it takes its 
name, but formerly found, as shown by fossil specimens, 
in the Narbada valley; the length of the shell and 
fleshy disc reaching as much as 2 feet. Like all the Old 
World representatives of the genus, this species has 
eight pairs of costal 
bones in the carapace ; 
| but it belongs to a 

subgroup characterised 
by having two neural 
bones between the first 
pair of costals, and by 
the absence of a pro- 
nounced ridge in the 
middle of the upper 
surface of the extremity 
of the lower jaw. 

The soft tortoise of 
the Nile (7. triunguts), 
ranging over Africa and 
Syria, and attaining still 
larger dimensions, be- 
longs to a second sub- 
group, distinguished by 
having only a_ single 
neural bone between the 
first pair of costals ; while 
Phayre’s soft tortoise 
(L. phayret) of Burma 
may be taken to repre- 
sent a third section, 
differing from the last by 
the presence of a median 
ridge in the front of the 
lower jaw. On the other 
hand, all the American 
soft tortoises, of which 

| T. ferox is a well-known 
| example, differ from all 
oe oe . the preceding in having 
only seven pairs of costal 
bones. Numerous repre- 
sentatives of the genus occur in the Miocene and Eocene 
strata of Europe, as well as in the Tertiary rocks of 
India and the United States. 

Two other members of the first subfamily, confined to 
Asia, represent as many genera. Of these Cantor’s 
soft tortoise (Pelochelys caniort), from India, Burma, 
and Malaya, is characterised by the more forward position 
of the sockets of the eyes, as compared with the type 
genus. This forward position of the eye-sockets is still 
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more marked in the much-elongated skull of the great 
Indian chitra (Chitra indica), where they are placed 
close up to the nose. 

The three remaining genera of the family are char- 
acterised by the sculpture of the shell generally taking 
the form of small pustules, and thus resembling 
shagreen ; while the hyoplastral and hypoplastral bones 
of the lower shell 
are united, and 
there is a flap of 
skin on each side of 
the under surface, 
beneath which the 
hind hmbs can be 
concealed. All the 
members of this 
group are confined 
to the Old World, 
and while one of 
the three genera is 
Indian, the other 
two are African. 
The Indian genus 
Emyda is readily 
characterised by the 
peesence -of «a 
complete series of 
neural bones’ in 
ihe Cara p ace, 
coupled with a , 
semicircle of mar- 
ginal bones at 
its hind extremity. 
In neither of the three living species of this 
genus does the length of the shell and its soft disc 
exceed 10 inches, but much larger fossil forms 
are found in the Pliocene rocks of India. Both the 
African genera lack marginal bones, but whereas in 
one, Cycloderma, there is a full series of neural bones to 
the carapace, in the other, Cyclanorbis, these form an 
incomplete and interrupted series. ; 

All the soft tortoises are thoroughly aquatic, most of 
them rarely leaving the water except for the purpose 
of laying their eggs, and, in con- 
sequence of these habits, compara- 
tively little is known as to their mode 
of life. Although confined as a rule 
to rivers, a few of the species frequent 
estuaries, and Cantor’s soft tortoise 
has been found some distance out 
at sea. Occasionally, again, specimens 
of the Indian granulated soft tortoises 
of the genus Emyda have been met 
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with wandering on land far from 
the neighbourhood of water. 
Fiercer and more spiteful than | 


any other members of the chelonian 
order, these tortoises, owing to a 
peculiarity in the structure and mode 
of articulation of some of the ver- 
tebre of the neck, have the power 
of darting out the head with incon- 
ceivable rapidity, the great Indian 
chitra being by far the greatest 
adept in this practice. Owing to 
this habit, the larger species are 
dangerous creatures to approach incautiously, as their 
bite is very severe, and the natives are not infrequently 
bitten by them in India and Burma while bathing. 

All the members of the typical genus, together with 
Cantor’s soft tortoise and the chitra, are known to be 
carnivorous, and it is commonly believed that the same is 
the case with the other members of the group. According, 
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CANTOR’S SOFT TORTOISE 


however, to Dr. J. Anderson, this is incorrect with regard 
to the granulated soft tortoises of India, which he states 
to be exclusively vegetable and grain feeders. The larger 
species probably feed both on fish and other aquatic 
animals, as wellas on the flesh of such carcases as may be 
floating in the rivers they inhabit. ; 
In correlation with their asserted herbivorous habits, 
the small granulated 
species do not snap 
and bite after the 
manner of their 
larger cousins. On 
shore, when left to 
themselves, these 
species will slowly 
and cautiously ex- 
tend their necks, 
and when ap- 
proached, instead of 
attempting te 
escape, withdraw 
rapidly into their 
shells, of which 
the upper and 
lower front margins 
then meet, owing 
to the soft flaps of 
skin with which 
they are covered. 
j All the species are 
chiefly nocturnal, 
remaining during 
the day time par- 
tially or completely buried in the mud at the bottom of 
the water, and not beginning to swim till sundown. Such 
species as inhabit marshes or swamps liable to be dried up 
during the hot season bury themselves in the mud, at 
no great depth below the surface, during the period 
of drought. 
As these tortoises are known to remain frequently 
for a period of from two to ten hours, and occasionally as 
much as fifteen hours, beneath the water without coming 
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to the surface to breathe, it is obvious that they 
must have some special means of 
oxygenating their blood. It is prob- 


able, indeed, that certain filamentous 
appendages of the mucous membrane 
of the throat found in these tortoises 
subserve the office of gills, and thus 
enable the blood to be renovated by 
means of the atmospheric air dissolved 
in the water they inhabit. With 
regard to their breeding habits, it 
appears that the females of the 
granular -shelled species scrape a 
shallow hole in the mud, in which 
the small, round eggs are laid and 
| then covered up. 


ORDER PLACODONTIA 


| Brief mention may be made of the 
pavement-toothed, or placodont, rep- 
tiles, which may possibly have some 
relationship to the tortoises, and are 
characterised by the presence of broad, 
flattened teeth on the palate and jaws, 
as shown in the figure on page 1470; the skull being 
very short and more or less triangular, with the double 
nostrils situated near the extremity of the muzzle, some 
distance in advance of the sockets of the eyes, which 
occupy a nearly central position in the skull. These 
reptiles are confined to the period of the Trias, being 
represented by the genera Placodus and Cyamodus. 
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ORDER ANOMODONTIA 
MAMMAL-LIKE REPTILES 


"THE last order of reptiles, which is entirely extinct and 


confined to the Triassic and Permian 


especial interest to the evolutionist as being the one 


epochs, is of 


the presence of a large tibiale and fibulare with a centrale 
which is not in the centre, but comes between the 
tibiale and the first tarsale—then we are driven to the 


which apparently includes the 
ancestral stock from which mam- 
mals have originated, and also 
as being closely related to certain 
extinct amphibians noticed in the 
sequel, which doubtless gave rise to 
the anomodonts themselves. It 
should be observed that anomodonts 
show the nearest affinity with the 
egg-laying mammals, and until we 
know the true relationship of the 
latter to the other members of the 
same class it is impossible to 
attempt to define the genealogy 
more exactly. Anomodonts, which, 


conclusion that the mammalian 
ancestor must have been a dicy- 
nodont, a theriodont, or a form 
belonging to a closely-allied order. 
From the examination of the skull 
we have good reason to believe that 
the ancestor was a theriodont, and 
the evidence of the tarsus fully 
confirms that drawn from the skull 
and other parts of the skeleton; 
and the carpus, while it does not 
add any very strong evidence, 
certainly does not afford any 
evidence that is not in harmony 
with this conclusion.” 


as stated in the introductory 
section, form a group of equivalent 
value with the one containing all 
the other reptilian orders, are the 
only reptiles which agree with the 
egg-laying mammals in having three 


distinct bones on each side of the true shoulder-girdle— 
that is to say, a blade-bone, or scapula, above, and a 
precoracoid and coracoid below. The pelvis is also 


very mammal-like, not only in that its 
three elements are united, but likewise in 
the small size of the vacuity, or foramen 
(of), between the pubis and ischium. It 
will be seen from the figures how close is 
the resemblance between the pelvic and 
shoulder girdles of these reptiles, each 
having one bone above and two below. 
Even still more marked is the similarity 
between the upper arm-bone, or humerus, 
of the anomodonts and that of the egg- 
laying mammals; each having a perforation 
on the inner border of the lower end, 


whereas in those existing reptiles which possess such a 
perforation (with the exception of the tuatera, where 
there is one on each side) it is situated on the outer 
anomodonts further resemble 


border. INGE AY, aeigble. 
mammals in the 
absence of abdom- 
inal ribs; and there 
are important simi- 
larities in the struc- 
ture of the skull, as 
well as, inmany cases, 
in the teeth. ; 
Special mammalian 
resemblances are also 
exhibited in the struc- 


ture of the wrist 
(carpus) and ankle 
(tarsus) joints. On 
this point Dr. RK. 
Broom points out 
that in the two 


anomodont groups 
respectively known as 
dicynodonts and 


theriodonts the mammalian approximation is most 
‘In these latter we find more or less approx1- 
mation to the mammalian type, but if we take into 
consideration the extreme mammalian specialisation— 


marked. 


(A) PELVIS 


zZ, haunch-bone, or ilium; 


scapula ; 


AND (B) SHOULDER-GIRDLE 


OF AN ANOMODONT 


p.cor, precoracoid ; 
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UPPER SURFACE 0! 
OF A PARIASAURIAN 
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zs, ischium; 46, pubis; 0/4 
foramen between ischium and pubis; sc, blade-bone, or 
cor, coracoid; gZ, cavity 
for head of upper arm-bone, or humerus 
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SKELETON OF PARIASAURUS _ 


Anomodonts, which are met with 
most abundantly in the Triassic 
and Permian strata of South Africa, 
India, and Russia, are represented 
by several well-marked subordinal 
types. In the first group, known 


as mammal-toothed, or theriodont, reptiles, the teeth 
are differentiated into incisors, tusks, and cheek-teeth ; 
the latter frequently having three cusps arranged 


in a longitudinal series. 

Another modification is presented by the 
dicynodonts of Africa and India, in which 
the jaws formed a horny beak, either 
destitute of teeth, as in tortoises, or pro- 
vided with a huge pair of tusks in the upper 
jaw. Some of these reptiles were of gigantic 
size, and certain of the theriodonts were 
likewise large; but it is obvious that the 
groups from which mammals sprang must 
have been represented by small species. In 
both theriodonts and dicynodonts, as well 
as in certain other groups, the temporal pits 


of the skull are open on the upper surface ; but in the 
pariasaurian anomodonts the hind part of the skull is 
roofed over by bone, in the manner characterising the 
labyrinthodont amphibians, to which these reptiles are 


allied; a peculiar 
sculpturng of the 
surface of the skull 
being another point of 
resemblance. In the 
species of which the 
skull is figured a 
number of spines 
surmount the head; 
but these are 
wanting in the African 
Parasaurus and Pro- 
pappus, gigantic 
creatures, with asome- 
what frog-like head, an 
apology for a tail, and 
powerful, short limbs, 
of which the toes were 
armed with long claws. 
Both wore defensive 


armour; but it appears that while in Paviasaurus this is 
restricted to three longitudinal rows of ossicles in the 
neighbourhood of the spines of the vertebra, Propappus 
was provided with a complete shield of bony plates. 


tise Pa. 


and, gradually losing its fish-like characteristics, develops limbs, 


[bis series of pictures shows the mass of eggs wnich swells until a tadpole emerges from each, 
and finally passes into a fully-formed frog 
Photographs by W. B. Johnson 
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AMPHIBIA 


CHARACTERISTICS AND CLASSIFICATION 
By R. LYDEKKER 


[8 popular estimation frogs and toads, together with 

their near relatives the newts and salamanders, are 
regarded as reptiles, but they are really very different 
creatures, and constitute a class by themselves, being 
in many respects intermediate between reptiles and 
fishes. From the mode of life of its members, the very 
appropriate name of amphibians has been proposed for 
the class, and is the one which should be adopted, 
although the term batrachians, which more properly 
applies to frogs and toads alone, is not infrequently 
used in the same sense. Agreeing with the higher 
vertebrates in the structure of their limbs, which are 
divided into the same number of segments as in 
mammals and reptiles, and supported by corresponding 
bones, existing amphibians are distinguished from 
reptiles by the absence of any ossification in the 
basioccipital region of the lower surface of the hind 
part of the’skull, in consequence of which the latter is 
articulated to the first vertebra by means of two 
distinct knobs, or condyles, formed exclusively by the 
exoccipital bones. A further important point of 
distinction is afforded by the absence in the embryo 
of those membranous. structures known as_ the 
amnion and allantois, which are present in the higher 
groups of vertebrates. 

Moreover, the great majority of amphibians pass 
through a metamorphosis, or, rather, a series of meta- 
morphoses, beginning their existence immediately 
after leaving the egg in a larval condition, during 
which they breathe the air contained in water by 
means of gills, whereas in the adult state they breathe 
atmospheric air direct by means of lungs. Varying 
much in external form, these animals nearly always 
have the body covered with a soft, naked skin; but 
in a few instances among existing forms scales are 
embedded in the skin, and most of the extinct types 
had a well-developed armour of scales and bony scutes. 
In some kinds a longitudinal fin is developed down 
the middle of the back and tail, but this is always soft, 
and lacks the supporting spine-like bones characterising 
that appendage in fishes. 

In passing through a metamorphosis, amphibians 
are more like the inferior groups of animals than the 
higher vertebrates ; and while in the earlier stages of 
their existence, during which they breathe by gills, 
they may be regarded as very closely allied to fishes, 
in the adult state they come much nearer to reptiles. 
The extinct labyrinthodonts, which are themselves not 
very widely removed from fishes, and have the basi- 
occipital bone ossified, serve to connect other members 
of the class with the anomodont and beaked reptiles. 

As already mentioned, the skin of most existing 
amphibians is soft and naked ; and it is invested with 
a colourless epidermis, which is periodically shed 
entire, while the deeper layer is often coloured with 
blotches or streaks of yellow, red, brown, or black. 
Other colours, however, such as green and blue, are 
produced by pigment-cells, which generally make 
their appearance under special conditions of warmth 
and moisture. As a rule, the colour of amphibians 
varies to a great extent with the nature of their sur- 
roundings, as is well ex lified in the case of the 
frog, which changes its hue ording to the nature of 
its habitat, while tree-frogs harmonise with the foliage 
among which they dwell. It is, however, very remark- 
able that in Costa Rica a certain toad simulates to an 


extraordinary degree the colouring of the snakes— 
both poisonous and harmless—of the same country, 
while in North Sumatra amphibians of various groups 
are spotted with carmine-red. One West African frog 
(LTvichobatvachus robustus) 1s peculiar in having hairs 
on the skin. 

In all amphibians the skin is furnished with glands 
secreting a more or less milk-like fluid; these glands 
being generally distributed all over the body, although 
sometimes they are confined to the sides of the neck 
behind the eyes. In many toads and land-salamanders 
some of the larger glands appear as prominent warts, 
pierced with large pores. The viscid, milky fluid 
secreted by these glands is exuded during excitement, 
and is endued with more or less poisonous properties, 
being intended to serve as a means of defence. 

Although some irritation of the skin may be produced 
by handling many of the species in which these 
poisonous properties are most developed, the stories 
of toads or salamanders spitting venom are, it’is'almost 
needless to observe, pure fabrications. When introduced 
into the circulation, batrachian venom acts, however, 
as a powerful poision, influencing the heart and central 
nervous system; and the secretion of one South 
American species is employed by the Indians to poison 
the spears and arrows used in killing monkeys. 

In the economy of amphibians the naked skin and 
its glands play a most important part, since none of 
them drink, in the proper sense of the word, but imbibe 
moisture through the pores of their integument. 
Moisture is, indeed, essential to their existence, and if 
they be confined in a dry atmosphere they soon perish. 
It is true that frogs may be seen basking in the sun’s 
rays, and apparently enjoying the warmth as much as 
lizards, but they only do this in the neighbourhood of 
water, to which they retire when necessary. Such 
members of the class as inhabit dry localities are 
mostly nocturnal, avoiding sunshine, and wandering 
abroad when they can obtain moisture from dew. 

The skeleton of amphibians presents many pecu- 
liarities, and in some cases shows numerous fish-like 
characters. For instance, in certain of the species 
furnished with permanent gills the vertebre are scarcely 
distinguishable from those of fishes, being disc-like, 
with a cup at each end, and thus quite unlike those 
of the typical newts, each of which has a rounded knob 
at the front of the body and a cup at the hind extremity, 
and is closely articulated with its fellows. In the long- 
tailed groups the number of vertebre is considerable, 
but in frogs and toads those of the back are reduced to 
seven or eight, the hind end of the backbone ter- 
minating in a long style, extending between the greatly 
produced extremities of the haunch-bones, or ilia, 
which articulate with the lateral processes of the sacral 
vertebre. The transverse processes of all the vertebra 
are well developed, and in some cases very long; and 
these take the place of ribs, which, at the most, are. 
represented by some small rudiments. In consequence 
of this absence of ribs, amphibians are unable to breathe 
in the ordinary way by alternate expansion and con- 
traction of the cavity of the chest; and they, so to 
speak, swallow air, taking in a large gulp, and then 
closing the mouth. 

Some years ago it was discovered that certain 
salamanders, both in Europe and America, are devoid 
in the adult condition of both lungs and gills, and since 
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deposited in the neighbourhood of water, into which 
the tadpoles ultimately fall; but in a tree-frog from 
Rio de Janeiro, in which the eggs are likewise hatched 
in a frothy mass among leaves, the larvae actually die 
if they are put into water. In another Brazilian tree- 
frog the tadpoles frequent cracks in rocks, and adhere 
to the surfaces of the latter by means of an abdominal 
sucker. 

Full reference to the mode of development in the 
Surinam toad, and also to that of the marsupial 
frogs, in which the young are developed in a dorsal 
pouch, is made later on, but attention may be specially 
directed to one of the most extraordinary “ nursery ”’ 
arrangements existing in the entire group—namely, 
those of the Chilian Rhtnoderma darwini—in which 
the tadpoles undergo their development in an 
enormous pouch on the throat of the male, which 
appears to be a modification of the vocal sacs found in 
many species of frogs. 

A specimen of the large West African tree-frog known 
as Hylambates rufus produced in confinement a number 
of eggs remarkable for their large size, the mother being 
about the same size as a full-grown common frog. Some 
of these eggs were placed in water, but failed to 
develop. Judging from the large size of the yolk-mass 
(for a large Folk 
means an abbrevi- 
ated development), 
it may be inferred 
that the young of 
these frogs undergo 
a considerable part 
of the metamor- 
phosis within the 
egg. But nothing 
is yet known with 
regard to the mode 
of development of 
the frogs of the 
genus Hylambates. 
The mouth of a 
female Hylambates 
breviceps from the 
Camerunscontained 
several large yellow 
eggs, very similar, 
except for their size 
(H. breviceps being 
a smaller species), 
to those of H. rufus. 
This mouth-nursing by the female thus affords an addi- 
tion to the list of extraordinary breeding habits in batra- 
chians, the nearest known case to that of Hylambates 
being that of the above-mentioned Chilian Rhinoderma. 

Geologically, amphibians are a very ancient group, 
remains of their oldest representatives occurring in 
the Carboniferous and Permian rocks of Europe and 
North America. All these ancient representatives of 
the class belong, however, to the group of labyrintho- 
donts, which survived till the period of the Trias, and 
are«structurally very different from the modern forms, 
approximating in certain respects to fishes. Indeed, 
since no amphibians have hitherto been discovered 
between the Trias and the Wealden, or lower Creta- 
ceous, rocks.of Belgium, it is difficult to assert that the 
modern representatives of the class are the direct 
descendants of the labyrinthodonts, although there is 
little doubt that such is really the case. Beginning 
in the Belgian Wealden, newts and salamanders occut 
throughout the greater part of the Tertiary rocks, 
but frogs and toads are first known in North America 
from Eocene beds, while in Europe they are not met 
with before the Oligocene. 


j; DIAGRAMS SHOWING DEVELOPMENT OF FROG 
1, Eggs when first laid; 2, eggs at a later stage; 3, egg containing embryo; 4, newly-hatched 
tadpoles ; 5, 6, tadpoles with external gills; 7-12, later stages in the development of tadpoles 
’ 


At the present time amphibians-are distributed over, 
all parts of the world except the polar regions, although 
they are more dependent upon the presence of water 
and warmth than any of the preceding classes of 
vertebrates. They are, accordingly, most abundant in 
the tropical and subtropical regions ; and as none of 
them are marine in their habits, even a narrow arm of 
the sea is generally sufficient to limit their range. When 
they occur on islands, it is probable either that their 
eggs have been carried by birds, or that there has 
been a comparatively recent separation, from the 
mainland. 

In absolutely desert districts amphibians are un- 
known; while in countries where there is a long dry 
season followed by a period of rains they are in the 
habit of becoming torpid during the former, the length 
of the sleep in one Javan species being upwards of 
five months. 

In cold climates all the members of the class become 
torpid during winter. As regards their general distri- 
bution, amphibians closely resemble fresh-water fishes, 
and differ widely from lizards. Indeed, from an 
amphibian point of viesy, the globe may be divided into 
two great regions—namely, a northern one, character- 
ised by the abundance of newts and salamanders and 

the absence of 


cecilians; and a 
southern one, dis- 
tinguished by the 
scarcity of the 


former and the pre- 
sence of the latter 
group. 

In their mode of 
life it is probable 
that very few _am- 
phibians are diurnal, 
most of the terres- 
trial forms making 
their appearance 
abroad with the first 
shades of evening, 
and retiring to their 
hiding-places.at 
dawn. In wet or 
cloudy weather frogs 
and toads—especi- 
ally in South 
America — fre- 
quently appear in 
great numbers during the day; and both these 
groups are in the habit of making night hideous 
with their croakings. Although in all cases the adults 
are carnivorous, the larve subsist more or less ex- 
clusively on vegetable substances, some confining them- 
selves to that kind of diet, while others also consume 
animalcules and other minute creatures. 

It is estimated that out of many thousands of eggs 
deposited annually by each female of the common 
American Bufo lentiginosa only two develop into adult 
toads. 

Amphibians may be arranged in the four following 
orders, viz.: 

ORDER SUBORDER 
I Firmisternia—Frogs, etc. 
2 Arcifera—Toads, etc. 
3 Aglossa—Surinam Toad, etc. 


I. ANURA, OR ECAUDATA 
Frogs and Toads 
II. CAUDATA, OR URODELA 
Salamanders-and Newts 
III. CaciLia, oR APODA 
Worm-like Amphibians 
IV. ‘LABYRINTHODONTIA, OR STEGOCEPHALIA 
Extinct Primeval Salamanders . 


ma 
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ECAUDATA 


CHARACTERISTICS OF FROGS AND TOADS 


Frogs and toads are distinguished from their near 

relatives salamanders and newts by the presence of 
four limbs and the absence of a tail in the adult state, 
the latter feature giving origin to the name Ecaudata, 
by which the order to which they belong is scientifically 


designated. They all have short 
and frequently thick bodies, 
in which the backbone comprises, 
at most, only eight vertebra 
in advance of the sacrum, those 
behind the latter being fused into 
a long rod-like bone, as shown 
in the figure of the skeleton on 
this page 

In the limb, as shown in the 
same figure, the bones of the fore- 
arm (radius and ulna) are completely 
fused together; and the same is the 
case with regard to the tibia and 
fibula in the hind leg. Moreover, 
the hind limb contains a kind of 
additional segment, owing to the 
elongation of the calcaneum and 


astragalus in the ankle-joint, which torm a pair of long 
bones lying parallel to one another. 

As a rule, frogs and toads undergo a lengthened 
larval period ; the “tadpoles,’’ as shown in the figure 


CLASSIFICATION 


ORDER 
Frogs and Toads—Ecaudata 
SUBORDER 1 


Firmisternia 
FAMILY 1 
Frogs—Ranidee 
GENUS 1 
Typical Frogs—Rana 
SPECIES 
Modi irO Gus cecsarn tice 6) .noes Rana breviceps 
GIDIGHTOD cuteness awe seats wise R. esculenta 
CAG CEU 1 6 i R. temporaria 
INIOOT ROS Eire tacsb aioe esas Sse aes aes Pre arvalis 
PAULO MOG Meet an aic te victan., 2 6.s ke stenes ili 


Iberian frog 
EAPASUOS DEO oo cucss slesa, gat carene en 
MSE LOM Ve mevclats sieves os. <.erse > 
Montezuma’s:ffog ..05...5 0052; 2. montezuma 
@amenin iro gs Tass oar. seen erccsietsvel eters R. goliath 
GUPDYASWLOS. 9f-.4 fos Soe cmivseie po R. guppyi 
GENUS 2 
Oxyglossus 
GENUS 3 
Flying Frogs—Rhacophorus 
SPECIES : 
Malay flying frog...... Rhacophorus nigro- 
palmatus 
aan Tye ALOR et ters ereicls ole Ges R. reinwardti 
FAMILY 2 
Dendrobatidee 
GENUS 1 
Madagascar Tree-Frog—Mantella 
GENUS 2 
Dendrobates 
SPECIES 
Variable tree-frog .... Dendrobates tinctorius 
FAMILY 3 
Narrow-mouthed Frogs—Engystomatidz 
GENUS 1 
Breviceps 
SPECIES 
African short-headed frog.......... Breviceps 
mossambicus 


GENUS 2 
Rhinoderma 
SPECIES 
DATWAN SLO rene etertetere Rhinoderma darwini 


Ceratobatrachidee 
GENUS 
Ceratobatrachus 
SPECIES 
Giinther’s frog...... Ceratobatrachus guentheri 
SUBORDER 2 
Arcifera 


SKELETON OF A FROG 


the spring this may generally be 


on page 1640, having a globular head and body, a fish- 
like tail, external or internal gills, and no limbs in the 
first stages of their existence. 
first to appear, and after the front pair are developed 
the tail is gradually absorbed, upon which the young 


The hind limbs are the 


for the first time leave the water. 

Represented by over a thousand 
species, frogs and toads have a 
world-wide distribution, although 
they are more abundant in 
tropical and subtropical than in 
temperate regions, and are espe- 
cially numerous in India and 
South America. It is not a little 
remarkable that some of the largest 
species are inhabitants of islands, 
although others are found in 
Western Africa, and another is a 
native of Brazil. From the noc- 
turnal habits of the adults it is 
frequently difficult to find out 
whether in any locality they are 
abundant or the reverse; but in 
ascertained by 


observing the tadpoles in the rivers and ponds, since 


FAMILY 1 
Leptodactylidee 
GENUS 1 
Horned Frogs—Ceratophrys 
SPECIES 
Brazilian horned frog ...... Ceratophrys boie1 
Argentine horned frog ............ C. ornata 
GENUS 2 
Leaf-Frogs—Hylodes 
SPECIES 
eae the See Hylodes martinicensis 
GENUS 3 
Leptodactylus 
FAMILY 2 
Dendrophryniscidz 
FAMILY 3 
Toads—Bufonide 
GENUS 1 
Typical Toads—Bufo 
SPECIES 
TRG GO Ae eierg auticare ove snete mtr tae re) tie Bufo vulgaris 
PATMOVICAN COA crepe cistetels treater cer B. lentiginosa 
KOTOR LOO) Sn ate ile ce ores ae B. viridis 
Natteriack toadaect.ctemsrscers wate B. calamita 
Moorish tenders. ac oneaes's B. mauretanica 


Antillian frog 


GENUS 2 
Nectes 
GENUS 3 
Nectophryne 
GENUS 4 
Rhinophrynus 
SPECINS 
Sharp-nosed toad ....Rhinophrynus dorsalis 
FAMILY 4 
Tree-Frogs—Hylidz 
GENUS 1 
Acris 
SPECIES 
Grasshopper-tlO Ss cae citer els Acris gryllus 
GENUS 2 
Typical Tree-Frogs—Hyla 
SPECIES 
European tree-frog ............ Hyla arborea 
Brazilian  tree-nog . ja semrtrersiere sieves H. faber 
Goeldi’s theetrog)..5 canter ole ole H. goéldii 
‘H. nebulosa 
Australian: tree-frOe | corns + wrecks as H. ceerulea 
GENUS 3 
Marsupial Frogs—Nototrema 
FAMILY 5 
Toad-Frogs—Pelobatidee 
GENUS 1 


Tozd-Frogs—Pelobates 
1641 


all of these show specific differences, to the full as well 
marked as those in the adult. 


OF ECAUDATA MENTIONED IN THIS WORK 


SPECIES 
Brownstoad-tlog) wapecie aes Pelobates fuscus 
Black-spurred toad-frog .......... P. cultripes 
GENUS 2 
American Toad-frogs—Scaphiopus 
GENUS 3 
Pelodytes 
SPECIES 
Punctured toad-frog...... Pelodytes punctatus 
GENUS 4 
Batrachopsis 
GENUS 5 
Leptobrachium 
GENUS 6 
Megalophrys 
SPECIES 
Burmese {tog ssc eel Megalophrys robusta 
FAMILY 6 
Disc-tongued Frogs—Discoglossidee 
GENUS 1 
Discoglossus 
SPECIES 
Painted! trog)- 1. same oe Discoglossus pictus 
Bombinator 
SPECIES 
ire-Hewicd ros ar. eles sucks Bombinator igneus 


SPECIES 
Md WiATG-LPO Di retec «ec stenstensle Alytes obstetricans 
Spanish midwife-frog .......... A. cisternasii 
FAMILY 7 
Amphignathodontidee 
FAMILY 8 
Hemiphractidee 
GENUS 
Ceratohyla 
SPECIES 
Ceratohyla bubalus 


SUBORDER 3 
Aglossa 
FAMILY 1 
Spur-toed Frogs—Xenopodide 
GENUS 
Spur-toed Frogs—Xenopus 
SPECIES 
Smooth spur-toed frog ........ Xenopus levis 
FAMILY 2 
Pipidz 
GENUS 
Pipe 
SPECIES 


SUPA MN wbOAC ereretabeteinenne ters els Pipa americana 


SUBORDER I. 


FROGS 


HE true frogs (Ranide), together with four other 
families, constitute a suborder (Firmisternia) charac- 
terised by the presence of a tongue, and by the firm union 
of the two large coracoid bones of the chest by means of a 
single cartilage uniting their free edges. From the other 
members of the group the typical frogs are distinguished 
as a family by the presence of teeth in the upper jaw, 
and by the transverse processes of the sacral vertebra 
being either cylindrical, or 
only very slightly dilated at 
their extremities. These 
characters are sufficient to 
distinguish the typical frogs 
from the other families of 
the suborder, but it may be 
added that the vertebre are 
cupped in front and hollowed 
behind, while there are no 
ribs, and the terminal style : 
of the backbone is articu- 7 — 
lated to the sacrum by two 
condyles. 

The terminal joints of the 
toes may be either simple or 
pointed, T-shaped, Y-shaped, 
or even Claw-like, the species ‘> = 
in which these joints are thus 5 ee ~ 
expanded having the soft 
parts similarly expanded and 
flattened. Fora long time it was considered that the shape 
of the tips of the toes was connected with the mode of 
life of their owners, and although this is so to a great 
extent, it is now ascertained that several of the species 
in which the toes are somewhat expanded are as aquatic 
as those in which they are pointed, and species presenting 
both modifications are included within one and the 
same genus. The typical frogs are divided into over 
twenty genera, only two of which are noticed in this work. 


TYPICAL FROGS 


Under the general 
title of typical frogs 
may be included all 
the members—about 
I50 in number — of 
the genus Rana, to 
which belongs the 
common English frog. 
The distinctive cha- 
racters of these frogs 
are to be found in the 
horizontal pupil of the 
eye ; the more or less 
deeply notched and 
free tongue ; the pre- 
sence of teeth on the 
vomerine bones of the 
palate; the absence of 
webs in the toes of the 


fore feet, and their MOOR-FROGS 


presence in those of 

the hind limb; and the separation of the outer meta- 
tarsal bones of the hind foot by a web, the extremities 
of the fingers being simple or expanded. 

With the exception of the southern part of South 
America—where the whole family is unrepresented— 
Papua, and New Zealand, these frogs have a world- 
wide distribution. Although the great majority of 
the species are probably aquatic during the breeding 
season, at other times much diversity of habit is 


EDIBLE FROG 


FIRMISTERNIA 


displayed by the different representatives of the genus, 
some being aquatic, others terrestrial, and others, 
again, burrowing, or even, more or less arboreal. 

The existence of burrowing habits is indicated by the 
great development of a tubercle on the inner side of the 
metatarsus, which in one Indian species (R. breviceps) 
has a sharp edge, and is used in a shovel-like manner 
to excavate the burrow. Such burrowing species are 
further characterised by the shortness of the hind 
limbs, and thus assume a 
more or less toad-like appear- 
ance. Large discs at the end 
of the toes, on the other 
hand, are usually indicative 
if : of arboreal habits, although, 

as already mentioned, smaller 
discs are met with in certain 
purely aquatic species. 
Selecting some of the 
European representatives of 
«=. the genus for special men- 
™tion, reference may be made 
- in the first place to the 
edible frog (FR. esculenta), 
characterised by the-pointed 
tips of the toes, the smooth 
under surface of the body, 
the presence of a_ broad 
glandular fold along the 
sides, and the marbling of 
the thighs. Exceedingly variable in colour, this frog 
generally has the upper parts olive or bronzy brown, 
more or less ae or marbled with dark brown or 
black; there are ‘usually three light stripes along the 
back, and the sides of the head and ground-colour 
of the flanks are sometimes green, the marbling on the 
thighs occupying their hind surfaces, and being black 
in colour. The males are specially characterised by the 
presence of a globular sac, connected with the pro- 
duction of the croak- 
ing, on each side of 
the head, opening by 
a slit behind the angle 
of the mouth. 

Inhabiting Europe, 
Asia as far east as 
Japan, and  North- 
Western Africa, the 
edible frog is common 
in England, the dark 
race occurring in the 
fens of Cambridge- 
shire, and the green 
variety in Norfolk. 
The use of the flesh 
as food probably led to 
the introduction of this 
speciesintoCambridge- 
shire by the monks ; 
but the Norfolk colony 
was imported between 
1837 and 1842. 

From this species the common English frog (R. 
temporaria) is readily distinguished by the incomplete 
webbing of the hind feet, and the presence of a dark 
temporal spot extending from the eye to the shoulder, 
as well as by the absence of external vocal sacs in the 
males. Moreover, if the skulls of these two species be 
compared, it will be found that while in the edible 
frog the teeth on the vomers do not extend behind the 
line of the apertures of the posterior nostrils, they 
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do so to a small extent in the present species. In 
colour the upper parts of the common frog are greyish 
or yellowish brown, more or less spotted with dark 
brown or black; the temporal spot being always dark, 
and a light line running from below the eye to its 
extremity, while the sides of the body are profusely 
spotted, the limbs transversely barred, and a larger 
or smaller number of spots is present on the under 
parts. The vocal sacs of the males are internal. 
This species is 
spread over Europe 
and Northern and 
Temperate Asia; 
its range including 
the west of Ireland 
as well as England. 

Closely allied is 
the moor-frog (R. 
arvalts), of Eastern 
Europe and Western 
Asia, which may be 
distinguished by the 
tubercle on the inner 
metatarsal being 
compressed instead 
of blunt, and by the 
pointed, in place of 
obtuse, muzzle. The’ 
colouring is very 
similar to that of 
the common _ spe- 
cies, but there is 
sometimes—as in : 
the right-hand figure of the illustration—a light stripe 
bordered by two black ones down the middle of the 
back, while the under parts are uniform. 

A third European species is the agile frog (R. agilis), 
which belongs to a group distinguished by the greater 
length of the hind limbs; the whole form being slender, 
and the muzzle pointed. Its general colour is greyish 
brown, with dark spots; the temporal spot being dark 
and distinct, with a light line running from its extremity 
to the snout, while the hind 
limbs are regularly barred, 
and the under parts un- 
spotted. Two other Euro- 
pean species, the one (2. 
ibevica) from Spain and 
Portugal, and the other (RK. 
lataster) from the neighbour- 
hood of Milan, differ by the 
spotted lower surface of the 
body. Even the tadpoles of 
these more or less nearly 
allied species present differ- 
ences by which they can be 
readily distinguished from 
one another. 

The common frog, whose 
habits may be taken as 
typical of the allied mem- 
bers of the genus, is found 
in most parts of Europe 
where there is a sufficiency 
of moisture and shelter for its existence; the presence 
of water being essential during the breeding season. 
All are probably familiar with the manner in which a 
frog swallows air, but it is perhaps less generally known 
that if the mouth of one of these creatures be kept 
forcibly open, death must inevitably ensue, owing to 
the impossibility of breathing while in this state. 
The croaking of the frog, which is common to both 
sexes, is principally uttered during the breeding season ; 


MALE AND FEMALE ENGLISH FROGS 


BULL~FROG 


and when large numbers of these amphibians are 
collected in a pond together, the volume of sound 
produced is considerable, and can be heard from long 
distances, although it is nothing compared to that of 
the bull-frog and many tropical species. 

_ Frogs subsist entirely on slugs, snails, insects, and the 
like, swallowing large beetles whole, and devouring several 
at a meal. The frog captures its prey by suddenly 
throwing forward the tip of its tongue, which is 
invested with a 
viscid secretion) 
upon the insect or 
slug, and then as 
quickly withdraw- 
ing it to its nor- 
mal inverted posi- 
tion. So rapid is 
the whole movye- 
iNeysacuieme Meqylale: tcp 
requires a sharp 
eye to ‘det@euie 
the insect seeming 
to disappear as it 


by magic. “Frogs 
retire,’ writes Pro- 
fessor T. Bell, “on 
the approach of 
winter to their 
hibernatl: re- 
‘ treats, wher hey 
Fa pass the reary 
season in a State of 


absolute torpidity. 
This is generally in the mud at the bottom of the water, 
where they are not only preserved, though at low 
degree, but also secured from external injury. Here 
they congregate in multitudes, embracing each other 
so Closely as to appear almost as one continuous mass, 
On the return of spring they separate from each other. 
emerge from their places of retirement, and begin 
again their active life by exercising the important 
function of reproducing their species.” 
During the breeding season 
a warty protuberance is de- 
veloped on the thumb of the 
male frog to assist in holding 


the female, and in some 
foreign species the whole 
forearm becomes enlarged 


at this time. The spawn 1s 
deposited at the bottom of 
the water, but soon rises to 
the surface in the well- 
known glairy masses; and 
in due season the tadpoles 
make their appearance. 
During the  tadpole-stage 
they are devoured in large 
numbers by newts and the 
smaller fishes, as well as by 
the larve of dragon-flies and 
water-beetles ; while in the 
adult condition numbers fall 
a prey to the weasel and 
polecat, the heron and other wading birds, and the 
common snake, whose food is almost entirely com- 
posed of them. 

Although the common frog is to a large extent 
aquatic, it is much less so than the edible species, 
which inhabits indiscriminately running or still waters, 
the borders of rivers, rivulets, or streams, lakes, or ponds, 
salt or fresh-water marshes, or even ditches and pools 
of water. Owing to the presence of the external sacs, 
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the croaking of the male of this species is louder than 
in the common frog. Both species, like all the more 
typical representatives of the genus, progress on land 
by means of leaps, and in water swim by means of the 
hind limbs alone. 

Compared to the bull-frog (2. catesbyana) of eastern 
North America, European frogs are mere dwarfs. 
The bull-frog is one of those species in which the tips 
of the toes are pointed, and is specially characterised 
by the web extending to the tip of the fourth toe of 
the hind foot, the large size of the aperture of the ear, 
and the relative length of the hind leg; the two latter 
characters distinguishing it from Montezuma’s frog 
(R. montezumz) of Mexico. The body has no lateral 
glandular fold, and the vocal sacs of the males are 
internal. In colour the bull-frog is brown or olive 
above, with darker marblings; the under parts being 
either uniformly coloured, or marbled with brown. 
In length it measures from 7 to 7} inches, exclusive of 
the legs. 

More abundant in the southern than in the northern 
portion of its habitat, the bull-frog is generally met 
with in rivers and streams well shaded with trees or 
bushes, where it may be seen in numbers basking in 
the midday sun. ~TIts croaking is said to be louder than 
that of any other species, and can be heard for a dis- 
tance of several miles. In the Southern States of 
America, although most intense during the spring and 
summer, the croaking is continued throughout the 
year ; but in the north it is confined to the spring and 
summer, being especially loud during the breeding 
season. It is a remarkable fact that in Canada, at 
any rate, the bull-frog passes its first winter in the 
larval condition, and takes two years to attain its full 
growth. A well-known African species is R. aspersa. 

The largest known species of frog is R. goliath, from 
the Cameruns, which measures no less than 1o inches 
from the tip of the muzzle to the hind end of the body. 
Next in point of size comes Guppy’s frog (Rt. guppy?), 
from the Solomon Islands, measuring 8} inches from 
snout to vent, while the third place is taken by the 
North American bull-frog, of which the largest specimen 
in the United States National Museum is stated to 
measure barely 8 inches in length. Among the toads 
are two giants—namely, the Malay Bufo asper and the 
South American Bufo marinus, of both of which the 
largest specimen in the British Museum 
measures 8} inches from the snout to the 
end of the body. 

Without referring to the numerous other 
generic representatives of the group, it may 
be of interest to mention that the small 
Indian frogs forming the genus Ovryglossus 
differ from the members of the typical genus 
by the absence of any notch in the tongue, 
and the want of vomerine teeth. They are 
specially interesting on account of being 
represented by fossil species in the Eocene 
rocks of Bombay. Fossil frogs belonging to 
the typical genus Rana occur in the lower 
Miocene rocks of Europe. 


FLYING FROGS 


Certain frogs inhabiting the Malay countries 
and Madagascar, and constituting the genus 
Rhacophorus, are mostly characterised, among 
other features, by the complete webbing of 
both fore and hind feet, as well as by the 
presence of enlarged adhesive discs to the tips 
of the toes. Owing to the largesize of the webs 
the Chinese coolies in Burma state that these 
frogs are in the habit of flying down from the 


accounts, after being at first accepted and then dis- 
credited, appear in the main to be founded on fact. 
These frogs are usually found on the broad-spreading 
leaves of the banana, but sometimes on those of other 
trees; and it is in such situations that their spawn is 
habitually deposited and undergoes its development. 
When in the open, the colour of these frogs is generally 
green, but when in deep shade, or on faded leaves, the 
tint changes to dusky or chocolate, in harmony with 
the tone of their surroundings. 

In a well known Malay and Bornean species (R. 
nigvopalmatus), which measures about 4 inches in 
length, the ground-colour of the back and legs is deep 
shining green, but the under parts and inner toes are 
yellow, and the webs of the toes black rayed with yellow. 

In the allied Rhacophorus veinwardti of Java thesexes 
differ in size, the female being one-third larger and 
twice as broad as her partner, while she is further 
distinguished by the smaller development of her voice 
organs and somewhat less brilliant colouring. 

Writing of the aforesaid R. veinwardti, Professor 
Siedlecki states that it is about 4 inches long, of a deep, 
shining green above and yellow beneath, and, like the 
European tree-frog, is a®boreal in its habits, even breed- 
ing amid the foliage. It is, moreover, remarkable 
for its power of changing the colour of its skin. A 
specimen captured in the daytime and examined in 
strong sunlight will, for instance, be found of a brilliant 
greenish blue; towards evening it will, however, 
change to green, and, finally, to nearly black, the 
transformation taking place more rapidly in males 
than in females. Night is the time when these frogs 
are really active, and it is then that they awaken from 
their diurnal torpor and begin to search for grasshoppers 
and other orthopterous insects. Like other tree- 
frogs, they hold on to leaves and boughs by means of 
adhesive discs to their toes, but these differ in structure 
from those of true tree-frogs. In regard to the leaps 
from which they take their name, flying frogs will 
leap to a height of about a foot in an arc of a circle 
and alight two or three yards distant in a characteristic 
attitude, with their bodies inflated to the greatest possible 
degree and their toe-membranes fully extended. During 
these flying leaps, which are for the purpose of escaping 
foes, the webs perform the part of a parachute. Each leap 
is of extreme rapidity, lasting only a fraction of a second. 


trees in which they habitually reside, and such 
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VARIABLE TREE-FROGS 


Out of over forty species of the genus more than 
thirty occur in South and East Asia, and the remainder 
in Madagascar. While allied in most respects to the 
typical frogs, all the members of this genus differ by 
the presence of a small additional bone between the 
terminal and penultimate joints of the toes, and like- 
wise by the penultimate joints of the latter being 
distinctly marked externally as a kind of ridge, while, 
as already mentioned, they are for the most part 
further characterised by the webbing of the toes of 
the fore feet, although the degree to which this is 
carried is variable. The tips of the toes are always 
expanded into round discs, and very generally their 
terminal joints are forked. The males are provided 
with one or two internal vocal sacs. The tadpoles of 
these arboreal frogs are remarkable for the possession 
of an adhesive disc behind the mouth on the under 
surface; and they also have the muzzle prolonged 
into a proboscis, and the single breathing-pore situated 
on the right side of the body, nearer to the tail than 
to the muzzle. 

Writing of the habits of one of the Cingalese members 
of the genus (formerly separated as Polypedates), in 
which the front toes are only half webbed, Sir J. 
Emerson Tennent observes that it “ possesses, In a 
high degree, the faculty of changing its hues ; one as 
green as a leaf to-day will be found grey and spotted 
to-morrow. One of these beautiful little creatures, 
which had seated itself on the gilt pillar of a lamp 
on my dinner-table, became in a few minutes scarcely 
distinguishable in colour from the ormolu ornament 
to which it clung.” 


FOREST-FROGS 


As is shown to be the case with the snakes, 
among frogs the members of twe totally distinct 
families have taken to an arboreal life, and have thus 
become so like-one another that it is necessary to 
depend on anatomical differences for their distinction. In 


the family Dendvobatida; while the structure of the bones 
of the chest is of the same solid structure as obtains 
in the typical frogs, and the extremities of the trans- 
verse processes of the sacral vertebra are not expanded, 
an important difference presents itself in the absence 
of teeth in the upper jaw and on the palate. The toes 
of both feet are quite free from webs, and have their 
tips expanded into rounded discs. 

These forest-frogs, as they may be called in order 
to distinguish them from the typical tree-frogs of the 
family Hylide@, are represented by two genera, one of 
which, Mantella, is confined to Madagascar, and is 
distinguished by the tip of the tongue being notched, 
while in Dendyvobates. of Tropical America the tongue 
is entire. 

The American genus is represented by seven species, 
among which the variable tree-frog (Dendrobates 
tinctoyius), which measures barely an inch and a half 
in length, is widely distributed in Tropical America, 
and is remarkable for its variability in colour, some 
examples being uniformly black, others grey above 
and black on the sides and beneath, and others grey 
with large black blotches. This, however, is by no 
means the limit of variation, since certain individuals 
are black above, with two or three longitudinal white 
or pink stripes, and grey with black spots on the under 
surface of the body; in other cases the ground-colour 
is black with white spots and streaks above, and spots 
or marblings of the same beneath. From the small 
size of the discs on its feet, which do not admit of its 
clinging to upright stems, this frog seems to be less 
arboreal than some of its allies; and, as a matter of 
fact, it is generally found among fallen leaves on the 
ground in forests. Like its kindred, it displays 
remarkable care and attention to its young. The 
secretion from its skin is employed by the Indians as 
an arrow-poison. 


NARROW-MOUTHED FROGS 


An important family (Engystomatide) of the suborder 
is that of the narrow-mouthed frogs, a group repre- 
sented by more than a score of genera, distributed over 
Africa, Madagascar, India and the adjacent countries, 
Southern China, Papua, and America. While agreeing 


with the members of the preceding family in the 
absence of teeth in the upper jaw, these frogs are 
distinguished by the broad expansion of the extremities 
of the transverse processes of the sacral vertebra. 
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The other -vertebre are similar in conformation to 
those of the typical frogs, and there is the same absence 
of ribs. There is, however, considerable variation in 
regard to the bones of the chest, several of the genera 
lacking the transverse bars known as_ precoracoids ; 
and the terminal joints of the toes may be either simple 
or T-shaped. Although there are no arboreal forms, 
the family comprises terrestrial, aquatic, and 
burrowing representatives; the last having 
either the front or the hind limbs specially 
strengthened and furnished with horny sheaths. 

In some genera the mouth is extremely 
narrow; but although it is convenient to 
take this character as the basis of the name 
of the family, it must not be considered that 
it is applicable to all its members. These 
narrow-mouthed forms feed exclusively or 
mainly on ants and termites, and thus exhibit 
a modification of structure approximating to 
that characteristic of ant-eating mammals. 
More than half the members of the family are 
nocturnal, and may be recognised by the 
vertical pupil of the eye. 


SHORT-HEADED FROGS 

The exceeding plumpness of the body serves 
not only to distinguish the short-headed frogs 
of the genus Breviceps from all their allies, but 
also makes them some of the most peculiar 
representatives of their class. Indeed, when 
the body is puffed out to its fullest extent, 
they more resemble indiarubber balls than 
frogs. The genus belongs to a group in which 
a pair of precoracoid bones are present and the 
coracoid bones much dilated, and is-specially 
distinguished by the horizontal position of the 
pupil and the absence of teeth on the palate. 
These frogs are restricted to Tropical and Sub- 
tropical Africa, where they are represented bya 
small number of species, of which the Mozambique B. 
mossambicus inhabits the eastern districts. Generally 
having a-perfectly smooth skin, this frog is of a brown 
or blackish hue on the upper parts, with a dark oblique 
streak below the eye. The narrow mouth and long 
tongue indicate that its food consists of white ants. 


DARWIN’S FROG 


Darwin’s frog (Rhinoderma darwint), which likewise 
belongs to the present family, and inhabits Chile, alone 
represents a genus remarkable for the throat-sac of 
the males being enlarged and modified so as to form an 
extensive chamber on the under surface of the body, 
in which the eggs and tadpoles undergo their develop- 
ment. This. chamber is entered by two apertures 
situated on the floor of the mouth on each side of the 
tongue ; and when the eggs, generally from eleven to 
fifteen in number, are laid by the female, they are taken 
and swallowed by her consort, who passes them into 
his pouch, where they remain until hatched. When 
the tadpoles are sufficiently developed, they enter the 


It 


world by escaping through the parental mouth. 


appears that at no stage of their existence do the 
tadpoles possess external gills. 
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SHARP-NOSED FROG 
presence of teeth in the upper jaw and the expansion 
of the extremities of the transverse processes of the 
sacral vertebra, the last representative of the first 
suborder is Gtinther’s frog (Ceratobatrachus guenthert), 
of the Solomon Islands, which constitutes the family 
Cevatobatrachide. The essential characteristics of 
this family are the presence of teeth in both the upper 
and lower jaws (a feature found elsewhere only in two 
families of the next suborder), coupled with the absence 
of expansion of the extremities of the sacral vertebra. 
This frog has a very large triangular head, ornamented 
with prominent ridges, and terminating in front in a 
pointed flap of skin; similar flaps occupying the 
eyelids, and the mouth having an enormous capacity. 
In the eye the pupil is horizontal, and teeth are present 
on the vomers. The hind limbs are rather short, and 
all the toes have simple terminations, and are devoid 
of webs. In colour this frog is variable. It appears 
to be abundant in the Solomon Islands, and is 
remarkable for laying very large eggs, from which the 
young emerge nearly fully developed. 


SUBORDER 2. ARCIFERA 


[* most parts of South America and nearly the whole of 

Australia the typical frogs are replaced by a family 
which, for want of a better name, may be called the 
southern frogs (Leptodactylide). These, together with 
seven other families, differ essentially from the forms 
hitherto considered in regard to the conformation of 


the bones of the chest, and thus llectively constitute 
a second suborder, known as the Arcifera [t will be 
remembered that in the preceding suborder the pair of 
coracoid bones are connected together in the middle 


of the chest by a single cartilage joing their free 
edges; in the present group, on the other hand, each 
coracoid bone terminates in a large cartilage in such a 
manner that one cartilage overlaps its fellow of the 
opposite side. 


SOUTHERN FROGS 
[he southern frogs resemble typical frogs in having 


the upper jaw alone toothed, and in the transverse 
processes of the sacral vertebra being cylindrical or 
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but slightly expanded ; and as they also agrée in the 
characters of the vertebre and the absence of ribs, it 1s 
evident that the two groups form parallel or representa- 
tive series. It must, however, always be remembered 
that it is only an assumption that the conformation of 
the bones of the chest is the character of primary 
import; and that it is quite possible that there may 
have been parallelism in this case also, in which event 
the present family would have to be placed next the 
typical frogs. The members of the group are con- 
fined to the countries mentioned above, where they are 
represented by about twenty-five genera and nearly 
a couple of hundred species. While most of the 
American species have the pupil of the eye horizontal, 
this condition occurs but rarely in those from Australia. 


HORNED FROGS 


Among the best-known representatives of the family 
are the horned frogs, or horned toads, Ceratophrys, all 
of which are remarkable alike for their large size and 


-brilliant colowiing, as well as for the enormous dimen- 


sions of their mouths and their fierce and carnivorous 
habits. Represented by about half a score of species 
from Tropical and South America, they belong to a 
group characterised by the more or less marked union 
of the outer metatarsal bones of the hind foot, the 
absence of a bony style to the breast-bone, and the 
webbing of the hind toes; while, as a genus, they are 
distinguished by the horizontal position of the pupil 
of the eye and the notching of the tongue. The webbing 
of the toes varies in extent in the different species, but 
there is never any expansion of the extremities.. The 
outer metatarsals are completely united, and the skull 
is remarkable for the extent to which ossification is 
carried out. In some species, such as the Brazilian 
horned frog (C. bove), the upper eyelid is produced 
into a horn-like appendage; but in others, like the 
Argentine horned frog (C. ornata), this is so little 
developed as to be scarcely noticeable. 

The largest representative of the genus is the above- 
mentioned Brazilian horned frog, which 
measures as much as 8 inches in length, 
and is one of the most handsomely | 
ornamented of the genus. The smaller 
Argentine species represented in the Z 
illustration differs by the upper eyelid 
being only slightly pointed and tri- y 
angular, as well as by the presence of 
a bony shield on the back. ‘The skin is 
covered with tubercles above and 
granules below; the general colour of 
the upper parts being yellowish or 
greenish, with large olive spots sur- 
rounded by light-coloured or golden 
margins, while there are sometimes, wine- 
red lines between the spots. 

These frogs, or escuerzos, as they are 2 
locally called, are abundant in many 
parts of Argentina, and in damp weather 
may be met with crawling about among 
the grass in numbers, after the manner ¢ 
of European toads. They are exceed- 
ingly bold and ferocious, flying fiercely 
at anyone who attacks them, and main- 
taining their hold with the tenacity of 
a bulldog, at the same time uttering a 
kind of barking cry. On other occasions they give 
vent to a peculiarly deep bell-hke note. When in 
repose, escuerzos are in the habit of burying them- 
selves in the soil with only the top of the back 
exposed. In this position they lie in wait for 
their prey, which includes other frogs, birds, and 
small mammals. 
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LEAF-FROGS 
Another American genus, containing a very large 


number of species, is that of the leaf-frogs, Hylodes, 
which deserves mention on account of the pecular 
mode of reproduction of one of its representatives, the 
so-called Antillian frog (H. martinicensis). These frogs 
differ from the group to which the last genus belongs 
by the absence of a bony style to the breast-bone and 
the unwebbed hind toes, and are further characterised 
by the expansion of the tips of the toes into smooth 
discs, the horizontal pupil of the eye, and the presence 
of teeth on the vomer. 

The Antillian frog, or, as it is locally termed, the 
coqui, is an inhabitant of several of the West Indian 
Islands, and may be recognised by its warty under 
surface; the general colour of the upper parts being 
grey or brownish, with indistinct darker markings on 
the head and back, and cross-bars on the hind legs, 
while there is a large dark mark on the temporal region, 
and another near the muzzle. In common with several 
frogs, this species lays large eggs, within which take 
place such transformations as are undergone by the 
tadpoles, which after emergence undergo no alteration, 
except the absorption of the remnant of the tail. 


PIPING FROGS 


As the typical representatives of the family, brief 
mention must be made of the piping frogs (Leptodac- 
tylus) of Central and South America, which differ from 
the preceding genera in having a dagger-like bony style 
to the breast-bone. They have the pupil of the eye 
horizontal, and the teeth on the vomers placed behind 
the apertures of the inner nostrils. Externally these 
frogs closely resemble the typical European frogs, with 
the exception that the hind toes:are not webbed. In 
the males the humerus is expanded into a large flange- 
like plate, and in the breeding season the whole fore 
limb in this sex becomes much swollen. 

These frogs derive their name from their loud pipe- 
like croaking, which varies in tone and intensity 


ARGENTINE HORNED FROGS 


according to the species. Some are noteworthy from 
their habit of digging a hole in the ground near 
water, and lining it with a layer of scum, upon which 
the eggs are deposited, and left to hatch. The nests 
seem, however, always to be so placed that at a certain 
season they will be flooded by the rise of the neigh- 
bouring water. 


ag ys 


HARMSWORTH NATURAL HISTORY 


TOADS 


Passing over the unimportant family of the Dendro- 
phryniscide, which includes two small South American 
genera, the next representatives of the arciferine suborder 
are the true toads, which constitute a family (Bufonide) 
distinguished by the absence of teeth in both jaws, and 
the expansion of the extremities of the transverse 
processes of the sacral vertebra. The other vertebra 
resemble those of the typical frogs, and there is the 
same absence of ribs as in the latter. The terminal 
joints of the toes are either blunt or T-shaped, and in 
only two out of the eight genera is the pupil of the eye 
vertical. Two of the genera approximate in character 
to the preceding family. 

Toads have an almost cosmopolitan distribution, and 
while the more typical species are characterised by 
their terrestrial habits, rough skin, and creeping gait, so 
unlike that of the frogs, others are burrowing, and others 
again (Nectes) thoroughly aquatic. On the other hand, 
the disc-footed toads (Nectophryne) of Western Africa 
and the Indo-Malay region, in which the toes terminate 
in disc-like pads, appear to 
be arboreal, while the one 
Mexican representative of the 
allied genus Rhinophrynus is 
distinguished by its ant- 
eating habits, 


TYPICAL TOADS 


The common European 
toad (Bufo vulgaris) is the 
typical representative of a = 
large genus, with between * 
eighty and ninety species, 
ranging over the whole 
world, with the exception of - 
Madagascar, Australia, New # 
Guinea, and the islands of = 
the Pacific. Asa genus these —= 
typical toads are distin--% 
guished by the entire tongue, 
the horizontal pupil of the 
eye, the freedom of the toes: 
of the fore foot, and the 
partial webbing of those of 
the hind limbs, as well as by the breast-bone being either 
cartilaginous or with only a partially ossified style. The 
degree of webbing of the hind toes varies, and while the 
tips of the toes are generally simple, they are sometimes 
expanded into small discs. The head may or may not 
have bony ridges. 

The common toad belongs to a group characterised 
by the absence of these head-ridges, and by the hind toe 
being at least half-webbed, but it is specially distin- 
guished by the absence of a fold on the ankle, and by 
the tubercles beneath the joints of the hind toes being 
mostly double. On the upper parts grow a number of 
more or less prominent warts, which, although fre- 
quently spiny, are not distinctly porous ; and the glands 
behind the eyes are remarkably prominent, and of an 
elongated elliptical form. In colour the upper parts 
are brownish, with darker spots or marblings, but the 
lower surface is whitish, more or less thickly spotted 
with black, A black line runs on the outer side of the 
gland behind the eye, and in specimens from China and 
Japan this line extends along the upper sides of the 
flanks. The distributional area of the toad includes 
Europe, Asia (exclusive of India and adjacent regions), 
and North-Western Africa; but the species is unknown 
in Ireland, as also in the Balearic Islands. 

Few animals have suffered more from popular super- 
stition than the toad, which, although practically 


EUROPEAN TOAD 


harmless, has been almost universally shunned and 
detested. It is, however, true that the secretion from 
its skin is acrid and irritating, as may be seen by the 
foaming lips of dogs which attempt to meddle with these 
amphibians. Sluggish and terrestrial in its habits, the 
toad needs not the long and fully-webbed hind limbs of 
its active cousin the frog; its usual pace being a kind 
of crawl, although, when disturbed, it can execute an 
imperfect hop or leap. When alarmed or threatened 
with danger, a toad immediately stops and puffs out 
its body to its utmost capacity, at the same time 
causing the acrid secretion to exude from the pores of 
its skin, and likewise discharging a pure limpid fluid 
from a special reservoir. 

Of its general habits, Professor T. Bell writes that the 
toad ‘“‘ becomes torpid during the winter, and chooses 
for its retreat some retired and sheltered hole, a hollow 
tree, or a space among large stones, or some such 
place, and there remains until the return of spring calls 
it again intoastate of life and activity. Its food consists 
of insects and worms of almost every kind. It refuses 
food which is not living, and, indeed, will only take it 

™at the moment when it isin 
/ motion. When about to 


; feed, the toad remains 
motionless, with its eyes 
= turned directly upon the 


4, object, and the head a little 
inclined towards it, and in 
~ this attitude it remains until 
the insect moves; when, by 
* a stroke like lightning, the 


* tongue is thrown forward 
upon the victim, which is 
‘instantly drawn into the 


{ mouth, When the prey is 
“~ taken, it is shghtly pressed 
by the margins of the jaws ; 
but as this seldom kills it, 
unless it be a soft, tender 
larva, it is. generally swal- 
lowed alive. Toads will also 
_ take earth-worms of con- 
- siderable size, and it isa 

curious sight to watch the 
; manner in which the power- 
ful and writhing worm is secured. If the toad happen 
to take it by the middle, the extremities of the worm are 
twined with great force and activity around the muzzle 
of its captor in every direction in its attempts to escape ; 
but the toad pushes one portion after another into its 
mouth, by means of the fore feet, until it disappears, 
when it is swallowed whole.”’ 

The eggs of the toad differ from those of the frog in 
that, instead of forming an irregular mass with their 
enclosing jelly, they are arranged in a regular, double, 
and alternating series in the form of a string, which may 
be a yard or more in length. These strings are generally 
deposited in the water about a fortnight later than the 
spawn of the frog, and it is not till autumn that the 
young toads complete their metamorphosis, and forsake 
the water. From that of the frog, the tadpole of the 
toad is distinguished by its smaller size and blacker 
colour, 

NORTH AMERICAN TOAD 

In North America the common toad is Bufo lenti- 
gimosa, a species which, like its European relative, is 
more abundant near towns and villages than in the open 
fields, owing to the destruction to which it is subject 
in the latter from agricultural implements. Writing of 
this species, Mr. N. Miller asks the question why, in 
spite of the great fertility of the female, the numbers of 
the species remain practically stationary. Taking the 
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low figure of eight thousand eggs as the number in one 
spawn, it appears, that with the exception of two, all 
these, as well as the whole of the eggs in the other 
spawns of the same female, must perish if the species 


keep, as appears to be the case, at the same numerical 
water-animals, 


level. Various such as dragon-flies 
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MEXIC: AN SHARP-NOSED TOAD 


and water-beetles and water-bugs, together with their 
larve, newts, and crayfish, appear to be the chief 
agents in carrying on the work of destruction. 
GREEN TOAD 

The green toad (B. viridis) of Europe, Asia, and 
Northern Africa is a far handsomer species, distin- 
guished by the presence of a fold on the ankle, and also 
by the simple structure of the tubercles on the lower 
surface of the toes of the hind foot. There is likewise 
a vocal sac beneath the throat of the male, which is 
wanting in the common toad. The upper parts carry 
a number of irregular, flattened, and porous warts ; 
and the glands behind the eyes, although sometimes 
enormously developed, are generally of moderate size 
and more or less kidney-shaped. The colour is olive or 
greenish above, generally spotted or marbled with a 
darker shade, although occasionally nearly uniform, 
while the under parts are either uniformly whitish or 
whitish with dark spots. 

NATTERJACK TOAD 

A third European species, which, unlike the last, is 
locally represented in England, is the natterjack toad 
(B. calamita), easily recognised by the yellow or whitish 
line running down the middle of the back. From both 
the preceding European species the natterjack is 
distinguished by the much smaller extent of the 
webbing of the hind toes; while there is a fold on the 
ankle, and the tubercles on the joints of the lower 
surface of the hind toes are to a large extent double. 
The hind limb is usually short, the flattened warts on 
the back are distinctly porous, the glands behind the 
eyes are small, depressed, and either oval or triangular, 
and there is an additional gland on the leg. 

The general colour of the upper parts is light olive, 
with darker marblings or spots, the above-mentioned 
light line-being generally present, but the light under 
parts are more or less spotted with black. In its move- 
ments the natterjack is less sluggish than the common 
toad, its pace being often quickened to a kind of run, 
during which the body is raised considerably above 
the ground. It is likewise less intolerant of drought, 
being frequently found in hot, sunny situations, and 
only resorting to the neighbourhood of water during the 
breeding season, The Moorish toad (B. mauvetanica) 
is another interesting species of the genus. 


MEXICAN SHARP-NOSED TOAD 


The Mexican sharp-nosed toad (Rhinophrynus dor- 
salis), already referred to as subsisting on white ants, 


is the only other member of the family that can be 
mentioned here, and is generically distinguished by the 
long and narrow tongue being free in “front, by the 
ver tical pupil of the eye, and by the rudimentary breast- 
bone. ‘The front toes are free, and those of the hind 
limb webbed, with simple tips; the general form of 
the body is extremely stout, the head is small, with a 
long, truncated muzzle and narrow mouth, and the eyes 
are small and the limbs remarkably short. In colour 
this toad is olive brown or bluish grey above, fre- 
quently with yellowish spots on the flanks and middle 
of the back, those on the back sometimes uniting to 


form a line. 
TREE-FROGS 

The numerous, and for the most part arboreal, 
species which, in contradistinction to the flying-frogs 
and the forest-frogs, may be designated tree- frogs, con- 
stitute the family ‘Hylide, comprising some ten genera, 
very abundant in Australia and America, and more 
sparingly represented in Europe, Asia north of the 
Himalaya, and Northern Africa, with one species 
ranging into North-Eastegn India and Burma. While 
resembling toads in the expansion of the processes of 
the sacral vertebra, tree-frogs differ by the presence of 
teeth in the upper jaw, and they are also peculiar in 
the claw-like form of the terminal joints of the toes. 
The bodies of the vertebre are cupped in front and 
spherical behind, and there are no ribs. 

GRASSHOPPER-FROG 

The pretty little grasshopper-frog (Acris gryllus) of 
North America is the sole representative of a genus 
characterised by the horizontal pupil of the eye, the 
webbing of the hind toes, of which the tips are but little 
expanded, and the slight expansion of the process of 
the sacral vertebra. In form this little frog is slender, 
with a narrow head and rather sharp muzzle; the skin 
of the upper parts is either smooth or slightly tuber- 
culated, and that of the under parts granulated. The 
mottled and striped colouring is very variable, the 
ground-tint ranging from reddish brown to green; 
but there is generally a large, triangular dark brown 
spot between the eyes, and sometimes a light stripe 
down the back. Locally very abundant in Eastern 
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and Central North America, the grasshopper-frog 
derives its name from its piercing, strident cry, which 
resembles the noise of its insect namesake. It fre- 
quents stagnant waters, and is fond of resting on the 
leaves of aquatic plants. Unlike most of its allies, it lurks 
among plants, and seldom, if ever, ascends bushes or trees. 
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TYPICAL TREE-FROGS 


Closely allied to the last are the numerous species of 
typical tree-frogs (Hyla), which are by far the most 
beautiful representatives of the entire order, and are 
best known by the common European species. In 
this genus the pupil of the eye is horizontal, the toes 
of both limbs are dilated into adhesive discs, and those 
of the hind foot more or less extensively webbed; the 
tongue is either adherent or partially free behind, 
and the expansion of the transverse processes of the 
sacral vertebra is more or less strongly marked. As 
in the last genus, there are teeth on the vomers. 

Represented by about one hundred and fifty species, 
this genus has a distribution coéxtensive with that of 
the family, the sole Indian member of the latter being 
included. The under surface of the body of these frogs 
is very different to that of the terrestrial species ; for 
the skin, instead of being smooth, is covered with 
granular glands, pierced by numerous pores, through 
which the dew or rain spread on the surface of the leaves 
is rapidly absorbed into the system, and reserved to 
supply the moisture necessary for cutaneous respira- 
tion. Except during the breeding season, when the 
greater number of them seek the water, or when they 
retire before the cold of winter or drought of summer 
under mud, beneath stones, the bark of trees, or in 
other safe spots, these frogs spend their lives among 
the leaves of trees, where they find alike their dwelling- 
places and their hunting-grounds. 

As in the case of the Indo-Malay flying-frogs, which 
may be considered to represent this group in those 
countries, their colour harmonises exactly with their 
natural surroundings, and changes even more rapidly 
than that of the chameleons. So exactly, indeed, do they 
resemble the foliage among which they hide that it is 
often difficult to tell frogs from leaves ; and it has been 
noticed that where there is the greatest variety and 
brilliancy of colour among the forest trees, the tree-frogs 
attain their most brilliant and varied tints. 

The European tree-frog (H. arborea), which is one of 
three species inhabiting the Old World proper, has a 
wide geographical distribution, inhabiting the greater 
part of Europe, Asia north of the Himalaya as far east 
as Japan, and North Africa. With the exception of the 
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‘higher mountain ranges and the extreme north, as well 
as Norway and the British Isles, it is spread over the 
whole of Europe, although varying locally to a con- 
siderable degree in colouring and habits. The males 
are furnished with a large external vocal sac on the 
throat, and the skin is smooth above and granulated 


beneath. The general colour may be described as 
greenish above and uniform whitish beneath, but there 
are many variations in regard to the markings on the 
upper parts; the typical form having a greyish or 


AUSTRALIAN TREE-FROG 


black light-edged streak extending from the nostril 
through the eye and ear along each side of the body, 
and sending a branch upwards and forwards on the 
loin, while a whitish line descends from the upper lip 
to the shoulder, and then runs upwards to the eye, 
thus enclosing an elongated green area. 

In habits this frog is most active ; and while in swim-. 
ming it is nearly equal to the common frog, in leaping 
it is its superior, in addition to which it is a most 
expert cimber. When croaking, the sac on the throat 
of the males becomes so inflated as to make this ap- 
pendage nearly as large as the body. Like toads, tree- 
frogs do not appear to touch the insects on which they 
prey until these begin to move. Flies, spiders, beetles, 
butterflies, and smooth caterpillars appear to form their 
favourite food, although, they have been known to 
attack and kill humble-bees. The forest districts of 
Central, Southern, and Eastern Europe constitute the 
chief stronghold of these frogs; and the noise made 
by these tiny batrachians comes as a surprise to those 
who hear it for the first time. The European species 
is of very small size, but some of the American and 
Australian species attain comparatively large dimen- 
sions, one of the largest members of the genus being 
H. faber, of Brazil, which measures as much as 34 inches 
in length. 

An interesting account of the breeding habits of the 
frog last mentioned, which in Brazil is known as the 
ferreiro, or smith, is given by Dr. E. Goeldi, whose 
observations were made in the Organ Mountains ad- 
joining the bay of Rio de Janeiro. ‘This frog constructs 
regular pools of a circular form in the shallow 
borders of ponds and swamps, such pools being sur- 
rounded bya narrow mud wall. In 1894 oneswamp con- 
tained nine of these pools, which serve as nests for the 
tadpoles. ‘“‘ On the night of February 18,’’ writes the 
describer, “‘ between nine and eleven o’clock, we ap- 
proached the pond, occupied, as we could hear from a 
distance, by at least a dozen of the large tree-frogs. 
The moon was shining brightly, and much favoured 
our undertaking, but even under these circumstances 
we had to accustom our sight to discern the details in 
the marginal vegetation, and the portion somewhat 
hidden in the shadow. By-and-by we discovered the 
ferreiros, some at work, others drumming together on 
the walls of some pool, or in the middle of the pond, 
sitting upon some floating object, such as water-plants. 
The vocalists, of which we could distinguish the 
moderately inflated gular sacs, were all males.”’ 

After stating that he was posted on a side of the 
pond where five nests were already situated, Dr. Goeldi 
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observes that he and his companion were fortunate 
enough to see the rising of a new nest. In a certain 
spot he writes that ‘‘ we first saw some slight movement 
in the water, produced by something stirring below 
the surface. We then soon saw a mass of mud rising to 
the surface, carried by a tree-frog, of which no more 
than the two hands emerged. Diving again, after a 
moment’s time, the frog brought up a second mass of 
mud, near the first. This was repeated many times, 
the result being the gradual erection of a circular wall. 
From time to time the head and front part of the body 
of the builder appeared suddenly with a load of mud at 
some point; but what astonished us in the highest 
degree was the manner in which the frog used its hands 
for smoothing the mud wall, as would a mason with his 
trowel. And by examining the hands of this tree- 
frog, it will readily be understood how they are most 
serviceable trowels, their terminal joints bearing large 
expansions. This careful process of smoothing could 
be better observed as the wall gradually heightened, 
until it reached about four inches, when the frog was 
compelled to come out of the water. 

“The parapet of the wall receives the most careful 
smoothening, the outside being neglected, and the 
levelling of the bottom attained by the action of the 
lower surface of the creature’s body, aided by the 
hands. The aspect of the pool may be compared to 
the crater of a volcano, or a vessel of a foot in diameter 
filled with water. Although the female undertakes 
the entire task of building, she is incommoded the 
whole time by the male sitting on her back. Should 
he be frightened from his post, he will soon emerge 
from the water at a distance of a few feet, when, if signs 
of danger be want- 
ing, he will climb 
the walls of the nest 
and regain his origi- 
nal seat.” 

Another Brazilian 
tree-frog of the 

-same genus (H. 
goéldit) breeds in 
the water contained 
in the central cup 
of certain trees 
belonging to the 
Bromeltacea@. Of 
this species, Dr. 
Goeldi states that 
the first specimen 
found was a female, 
carrying on her 
back a large globular 
mass of whitish 
eggs. When put in 
a vivarium, “ for a 
few days the egg- 
mass remained 
attached to the 
mother’s back, But 
suddenly it fell 
away, and simul- 
taneously I saw in 
the glass some 
small, nearly black- 
coloured frogs, all 
provided with the anterior and posterior legs, together 
with a larval tail of medium or rather small size.” 

Yet another tree-frog from Brazil (H. nebulosa) has 
acquired the remarkable habit of depositing its eggs 
in the sheaths of old and decaying leaves of bananas. 
Dr. Goeldi states that this frog “ glues its lumps of 
eggs on the edges and on the inside of banana-leaves, 
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where, even during the hot hours of the day, sufficient 
coolness and moisture are preserved. These lumps 
are enclosed in a frothy, whitish substance, comparable 
to the scum formed by certain Cicadid@. Sometimes 
the tailed larve are seen struggling in this frothy mass. 
If put into fresh-water, all will die in a few hours.” 
Australia possesses an interesting species in H, cerulea. 


POUCHED FROGS 

On account of the peculiarity of their reproduction 
mention must be made of the curious marsupial or 
pouched frogs (Nototvema), all of which are distinguished 
from the typical genus Hyla by the presence of a 
backwardly opening pouch at the hinder end of the 
back in the females. These frogs are represented by 
some half-dozen species, mainly confined to Central and 
Western Tropical America, although one of their number 
is found on the eastern side of that continent at 
Pernambuco. The pouch of the female is extended 
beneath the skin of the back and sides to form a very 
large chamber, in which the eggs and tadpoles undergo 
the whole of their transforsgations. The eggs, generally 
about fifteen or sixteen in number, appear to be placed 
in the pouch by the male, who employs his hind feet 
for the purpose; and they are remarkable for the 
large relative size of the yolk. The tadpoles, when 
first hatched, are peculiar in having a_ bell-shaped 
structure for the protection of their two pairs of 
external gills. 


TOAD-FROGS 


The fifth family (Pelobatide) of the order belonging to 
the section with overlapping cartilages to the coracoid 
bones comprises 
eight genera, which 
may be collectively 
termed  toad-frogs, 
since they come 
under the -designa- 
tion neither of toads 
nor frogs. Agreeing 
with the treé-frogs 
in the presence of 
teeth in the - upper 
jaw, the members 
of this group may 
be distinguished by 
the much greater 
expansion of the 
processes of the 
sacral vertebra ; ribs 
being absent, and 
the terminal joints 
of the toes simple. 
In all the species 
the pupil of the eye 
is vertical, and while 
the majority of the 
genera agree with 
the preceding groups 
in having the articu- 
lar cup at the front 
end of the bodies of 
the vertebre, and 
the ball behind, 
LH> Apetews ecirs 
arrangement is reversed. The family is distributed 
over Europe, the Indo-Malay region, North America, 
and New Guinea; the various genera having a more 
or less restricted geographical range. 

The brown toad-frog (Pelobates fuscus) is the typical 
representative of a genus containing two European 
species, neither of which is found in Great Britain. 
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PAINTED FROG 
They are characterised by the rod at the end of the 
backbone being welded to the sacral vertebra, as well as 
by the extensive webbing of the hind toes; the presence 
of a bony style to the breast-bone, coupled with the 
want of an externally visible ear-membrane, serving to 
distinguish them from the allied North American genus 
Scaphiopus. 

The brown toad-frog is a rather large species, usually 
measuring from 24 to 3 inches in length, and having a 
smooth brown skin, marbled on the upper surface with 
darker markings; a spur which is present on the 
metatarsus being yellowish brown. The males have 
no vocal sacs, but are furnished with a large elliptical 
gland on the upper surface of the fore limb. This 
species is decidedly local, and in some districts replaced 
by the allied P. cultvipes, easily distinguished by the 
black spur on the metatarsus. Spending only a few 
days during the breeding season in the water, it is 
essentially a land frog, generally frequenting spots 
with a sandy soil. Here, with the aid of its metatarsal 
spur, it rapidly excavates hollows in the ground, throw- 
ing out the earth backwards, and soon partially conceal- 
ing itself. An aperture is, however, always left to 
the excavation, and should the rays of the morning 
sun reach its occupant, the burrow is quickly deepened. 

In its movements the toad-frog is more active than 
typical toads, approaching in this respect frogs, as it 
takes considerable leaps, swims strongly, and burrows 
with rapidity. The breeding season takes place in 
April, during which time the males utter a loud croak- 
ing, accompanied in a lower tone by the females. The 
eggs, which are laid in strings of about a couple of feet 
in length, are taken from time to time by the male and 
carefully deposited round reeds, grass, or other plants 
growing near the edge of the water. In from five to 
six days the small black tadpoles are hatched out; and 
in the course of four months these have completed their 
development and leave the water. When an adult 
toad-frog is suddenly seized or pinched, it utters a cry 
like the mewing of a kitten, at the same time emitting a 
pungent vapour with a strong odour of garlic, both 
these being apparently intended as a means of defence. 
& Of the remaining genera, Pelodytes, as represented 

by the punctured toad-frog (P. punctatus) of Western 
Europe, and the Papuan Batrachopsis djffer from the 
preceding in that the sacral vertebra has two condyles 
for articulation with the rod forming the termination 
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BURMESE FROG 
of the backbone, the hind toes being slightly webbed- 
In the Indo-Malay genus Leptobvachium there is, 
however, only a single condyle for the articulation of 
the rod-like bone. The Burmese frog (Megalophrys 
robusta, is a representative of another genus of this family. 

In the Miocene rocks of Europe occur remains of 
numerous frogs which are assigned to,an extinct genus, 
Palgobatvachus, regarded as representing a family, 
Paleobatvachidg, connecting the present one with the 
undermentioned Xenopodid@. In these extinct frogs 
the upper jaw is toothed, the transverse processes of 
the sacral vertebra have expanded extremities, the » 
sacral vertebra itself articulates with the terminal rod 
of the backbone by means of two condyles, the bodies 
of the other vertebre have the articular cup in front, 
and there are no ribs. 


DISC-TONGUED FROGS 


The disc-tongued frogs, as the members: of this 
group may be called, form a small family (Discoglosside) 
represented by four genera and about seven species, 
inhabiting the northern half of the Old World and 
New Zealand. As a family, these frogs are character- 
ised by the presence of teeth in the upper jaw, the 
expansion of the processes of the sacral vertebra, the 
presence of short rudimentary ribs, and the circumstance 
that in the bodies of the vertebre the articular cup is 
placed at the hind end, and the ball in front In both 
the latter respects these frogs resemble salamanders 
and newts, and they may accordingly be regarded 
as some of the least specialised representatives of the 
order. Their fossil remains occur abundantly in the 
middle Tertiary rocks of Europe. The family derives 
its name from the disc-like form of the tongue, which 
may be either free or adherent. From those of all the 
groups hitherto described, the tadpoles, after shedding 


“the external gills, differ in having the breathing pore 


situated in the middle of the under surface of the body, 
instead of on the left side. 


PAINTED AND FIRE-BELLIED FROGS 


from the painted frog (Discoglossus pictus) of 
Southern Europe and North-Western Africa, which 
alone represents the typical genus of the family, the 
fire-bellied frog (Bombinator igneus) is distinguished 
by the absence of an external tympanic mem-. 
brane to the ear, and is further characterised by 
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the adherent tongue, the triangular form of the 
pupil of the eye, and the great expansion of the 
extremities of the transverse processes of the sacral 


vertebra. This frog, which inhabits Europe and Asia, 
although unknown in the British Isles, has the skin 
very warty on the upper parts, while beneath it is 
quite smooth. In colour, it is olive above, with or 
without black marblings, but beneath is orange or 
yellow, marbled with black. The males, which are 
unprovided with vocal sacs, during the breeding season 
develop black rugosities on the inner side of the forearm, 
as well as on the inner tubercle of the metacarpus and 
on the two innermost front toes 

There are two varieties of this frog (reckoned by 
some naturalists as distinct species), of which the one 
with orange-coloured under parts is to be found in 
streams or marshes in the lowlands, while the yellow- 
bellied phase lives at considerable elevations in the 
mountains. They are essentially aquatic frogs, only 
leaving the water for a short time in spring, when they 
may be seen hopping on the land on their long hind legs. 
In water they generally take up their position at 
some distance from the bank, sitting with their heads 
slightly raised above the surface, and disappearing 
with lightning-like speed at the slightest noise, to seek 
safety in the “mud at the bottom. The tadpoles grow 
to an unusually large size, and are especially character- 
ised by the great dev elopment of the tail-fin. 


MIDWIFE-FROG 


The third European representative of this family is 
the so-called midwife-frog (Alytes obstetricans), of which 
the typical race inhabits France, Switzerland, Belgium, 
and Western Germany, while a variety occurs in Spain 
and Portugal; Spain being also the home of the second 
member of the genus, A. cisteynasiti. From the fire- 
bellied frog these two species are distinguished by the 
presence of a distinct external tympanic membrane to 
the ear, the elliptical and vertical pupil of the cye, 
and the moderate expansion of the transverse processes 
of the sacral vertebra. The common species has the 


FIRE-BELLIED FROGS 


skin of the upper parts warty, and that of the under 
surface granular; the glands near. the head are small 
or indistinct, but there are large ones on the limbs; and 
the males have no vocal sacs. The colour of the upper 
parts is olive-grey, with darker dots and irregular spots. 

Essentially an aquatic species, this frog “derives its 
name from the circumstance that the male t takes charge 
of the eggs during their development. The breeding 
season lasts for upwards of six months—namely, from 


March to August—although the eggs are laid only from 
March till June. These are deposited by the female in 
the form of long chains, which may be upwards of a 
yard and a half in length. These chains are taken by 


the male, and wound round his legs and thighs; and 
when thus loaded he retires to some burrow or con- 


at least during 


where, 


venient hollow near the bank, 
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the daytime, he remains in concealment until the tad- 
poles are ready for hatching. He then enters the water, 
and the tadpoles soon come forth, and swim away 
to take care of themselves; the hatching of the 
tadpoles taking place from June to September. After 
the cares of the nursing period are over, the male 
loses his voice, which is not resumed till the follow- 


ing February, when it is continued till August. The 
males are more numerous than the females, and 
during the breeding season their loud croaking is 


almost continuous. From September till the 


beginning of March the habits of this sex 
are similar to those of other frogs. 


The lower Miocene strata of the Continent 
have yielded remains of an extinct frog 
belonging to the same genus; while in the 
rocks of the upper part of the same division 
of the Tertiary period occurs a_ gigantic 
frog belonging to the same family, which 
has been referred to an extinct genus, 


Latonia. 
ALLIED FAMILIES 


under the name of 


The other two families—A mphignathodon- 
tide and Hemiphractide—belonging to the 
suborder Arcifera are not of much im- 


portance, and are represented only by a small 
number of genera and species from Central 


and South America. They are, how- 
ever, of some interest from the circum- 
stance that both the upper and lower jaws 
are furnished with teeth, in which respect 
they agree with the sharp-nosed frog among 

the members of the first suborder. 
A rare frog (Ceratohyla bubalus) belonging to the 


second of these families, and a native of the Peruvian 
Andes, is remarkable for its breeding habits. In a 
female specimen there were nine eggs tightly ad- 
hering to the skin of the back, in which the spines of 
the vertebra were so prominent as to leave indentations 
in the egg- eee Fully-formed young frogs 
were contained in the eggs. 
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LL the members of the order Ecaudata hitherto con- 
sidered are furnished with a well-developed tongue, 

but in the suborder Aglossa, which comprises the two 
families Xenopodide and Pipide, this organ is totally 
wanting. The bodies of the vertebra resemble those 


of the disc-tongued frogs in having their articular cups 
at the hind ends, but ribs are wanting. The coracoid 
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SURINAM TOAD 
bones correspond in structure to those of the suborder 
Arcifera, although the cartilages at their edges do not 
overlap. The tadpoles of these remarkable frogs 
exhibit the peculiarity of having a pair of breathing- 
pores, after the loss of the external gills, situated 
symmetrically on each side of the body. Each family 
is represented by a_ single genus_ respectively 
confined to Tropical Africa and Tropical South 
America. 
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SPUR-TOED FROGS 


The spur-toed frogs (Xenopus), of which there are 
three species from Tropical Africa, are characterised as 
a family by the presence of teeth in the upper jaw ; but 
are further distinguished by the circular pupil of the eye, 
the absence of an external tympanic membrane to the 
ear, the free front toes, and the webbed hind foot, in 
which each of the three inner toes is furnished with a 
sharp, spur-like nail. pepe. 

The smooth spur-toed frog (X. /@vis), which is the 
species here represented, and has a wide geographical 
distribution, ranging from Abyssinia to the Cape, is 
characterised by its smooth skin, marked round the 
body with more or less distinctly defined tube-like 
lines. In colour it is dark brown above, and whitish 
beneath ; some individuals being uniform, but others 
spotted with brown on the under surface. The spur- 
toed frogs are exclusively aquatic, pursuing even 
their prey beneath the surface of the water, and 
capturing it witb their fore feet. The pairing season 
takes: place in August, and the large eggs are laid 
singly. The tadpoles, which at birth have already 
lost their external gills, on the third day after leaving 
the eggs develop a pair of barbels hanging down from 
the corners of the mouth. 


SURINAM TOAD 


Among all the strange nursing habits met with among 
frogs and toads, none is more remarkable than those 
characteristic of the large aquatic species commonly 


known as the Surinam toad. This species represents a 
family Pipide distinguished by the absence of teeth in 
both jaws. Agreeing with the spur-toed frogs in its 
circular pupil, smooth palate, and absence of a tympanic 
membrane to the ear, the Surinam toad (Pipa americana) 
has the extremities of the free front toes dilated into 
radiating appendages, and the fully-webbed hind toes 
devoid of nails. In form the head is triangular and 
much depressed, with the eye minute, one or two short 
tentacles on the lip in front of the eye, a large flap at 
each corner of the mouth, and sometimes a third at the 
tip of the muzzle. The skin, which is covered with 
small tubercles, is olive brown or blackish on the upper 
parts, but beneath it is lighter, being sometimes 
ornamented with white spots, and at others with a 
black stripe down the middle line. 

The Surinam toad is an inhabitant of the damp 
forests of the Guianas and Brazil, and the females 
deposit their eggs after the usual manner in the water. 
At this period the skin of the back of the female becomes 
extremely soft and much thickened, and the eggs, as 
soon as laid, are taken by the males and embedded one 
by one in this softened skin, which soon closes over, 
so.as to enclose each in a separate cell. In these cells 
the eggs undergo the full course of development, the 
juvenile toads issuing forth from their confinement in a 
perfect condition, although their dimensions are, of 
course, small, and no gills are developed at any stage. 
Although there may be so many as one hundred and 
twenty cells in the back of a single individual, the more 
usual number is from sixty to seventy. The period 
from the deposition of the eggs to the appearance of 
the young toads is eighty-two days, and the young, 
when first bursting through the covering of their 
cells, generally protrude the head or one limb. Soon 
after the birth of her offspring the female changes the 
superficial layer of her skin by rubbing it off against 
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stones or plants, the place occupied by each cell being 
then indicated by a small pit. Except during the 
breeding season, the pipa appears to be completely 
aquatic. ; 

The occurrence of a somewhat similar type of nursing 
habits in a member of the family Hemiphractid@ is 
referred to above. 
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CHARACTERISTICS OF SALAMANDERS AND 


TBE salamanders and newts are readily distinguished 

from frogs and toads by the retention of the tail 
throughout life—a feature from which they are collec- 
tively designated tailed amphibians. Although they have 
generally two pairs of limbs, in a few instances the hind 
pair is wanting; and in-all cases the bones of the 
limbs are of a normal type, the radius and ulna in’ the 
front pair, and the tibia and fibula in the hind pair, 
remaining distinct from one another.. In the skull 
the frontal bones are not united with the parietals, and 
the palatine bones are distinct from the hinder upper 
jawbones, or maxillez. Generally more or less lizard- 
like-in. form, the tailed amphibians undergo a_ less 
marked metamorphosis than the tailless group, some 
even retaining gills throughout life. 

As regards their geographical distribution, the 
salamanders and newts, of which there are rather more 
than one hundred and twenty existing species, are mainly 
characteristic in the Northern Hemisphere, being repre- 
sented only by a few scattered types in the Southern 
Hemisphere, and quite unknown in Africa south of the 
Sahara and Australasia. The northern part of the 
Old World is the home of the true newts, of which 
four species extend into Northern Africa, and this area 
likewise contains one of the fish-like salamanders 
and the olm. 

True newts are very abundant in the western 
portion of this region, but further eastwards they 
become less numerous, and an approximation to 
American types of the order may be noticed, although 
only two genera are common to the Old and New 
Worlds. North America is especially rich in tailed 
batrachians, containing more than half the repre- 
sentatives of the entire order, and being the sole habitat 
of the two-legged salamanders (Sivenide). Axolotls 
are here especially abundant, and there are also peculiar 
genera belonging to the same families of the fish-like 
and gilled salamanders: 

The Indo-Malay region possesses very few species— 
namely, a peculiar genus (7 ylotriton) of newts in Yunan, 
the Eastern Himalaya, and the Liu-Kiu Islands, an 
allied type (Pachytriton) from Southern China, and an 
axolotl in Siam and Burma. Tropical America, on the 
other hand, has numerous species, among which may 
be specially noted the newts of the genus Spelerpes, 
which are also represented by one species from Central 
America and the West 
Indies, and others from the 
mountains of Colombia, |* 
Ecuador, and northern 
Peru, the allied Plethodon 
extending southwards into 
Argentina. Geologically the 
group is by no means old, 
its earliest representative 
(Hyle@obatrachus) occurring 
in the Wealden of Belgium ; 
and these animals do not 
become abundant until the 
Tertiary epoch. 

Although the black Alpine salamander forms an 
exception, nearly all newts and salamanders appear to 
be inhabitants of water during at least some period of 
their existence, some frequenting muddy swamps, 
and others deep lakes or subterranean waters, while a 
few are found in mountain tarns at elevations of 
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several thousand feet above the sea. Without exception 
nocturnal in their habits, spending the day in slumber, 
either concealed in hiding-places on land or at the 
bottom of the water in their aquatic haunts, and 
venturing abroad only at evening or after heavy rain, 
they are all difficult of observation, and consequently 
much still remains to be learnt with regard to their 
mode of life. 

The terrestrial species generally frequent soft, 
shady, damp spots, but occasionally narrow valleys 
or forests, where they conceal themselves under stones 
or fallen trunks of trees, or in holes in the earth. 
During their permanent or temporary sojourn in the 
water, the adults of those species unproviced with 
external gills are obliged to come periodically to the 
surface in order to breathe; and while in that 
element all are less completely nocturnal than when 
on land. Such species as are inhabitants of cold 
regions undergo a period of torpor during the winter 
months, while in the tropical region others become 
quiescent when their haunts are dried up. They 
exhibit a wonderful tenacity of life, and when dried 
up in mud, or frozen in ice, will awaken at the first 
shower of rain, or when their icy bonds are dissolved 
by the sun’s rays. They have also the capacity of 
reproducing lost limbs, apparently any number of 
times. 

Although on land the majority of species are slow 
and sluggish in their movements, some salamanders 
from the south and west of Europe, belonging to the 
genera Salamandrina and Chioglossa, run with the 
celerity of lizards; while others, again, climb sloping 
or perpendicular faces of rock like geckos. In the 
water all swim quickly, mainly by means of serpentine 
movements of the tail, although the water-newts are 
perhaps the most expert swimmers. 

Through long familiarity we have become so accus- 
tomed to the idea of frogs dwelling in trees that the 
strangeness of the assumption of such arboreal habits 
by batrachians does not strike us. When, however, 
we hear for the first time of a species of salamander 
habitually taking up its abode and breeding in holes 
in tree-stems, such a _ peculiar departure from the 
normal mode of life of animals of this group at once 
forces itself upon our attention. For many years 
very little was known with regard to the mode of life 
of a salamander from the 
Pacific side of North America 
familiar to naturalists under 
the name of Autodax (or 
_ Anaides) lugubris. 

5, It is true that the eggs 
_@ were detected so long ago 

- as 1899, but since subsequent 
search in the same locality 
_ failed to reveal others, it 
_ became evident that the 
normal breeding station had 
not been discovered. The 
eggs found in 1899 were 
placed in the ground, but later on it was accidentally 
discovered that normally the egg-chains, at least in 
California, are deposited in chinks and holes in the 
stems of a species of oak, and also that the adult 
salamanders dwell in the same situations. The dis- 
covery was made by workmen employed to clean and 
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dress the stems of a grove of these oaks in the grounds 
of the California University in order to preserve them 
from decay. Nearly one hundred adult salamanders 
were thus taken, together with a dozen bunches of 
eggs. Some specimens were captured at a height of 
about thirty feet from the ground, and in some of 
the larger holes as many as a dozen examples were 
found, although in most cases there were only two, 
and occasionally one, in each cavity. When a large 
number were found, they appeared to be all members 
of a single family. 

They are carnivorous in their diet, feeding chiefly 
upon molluscs, worms, spiders, and insects. Their 
breeding habits are peculiar in that there is usually 
no union between the two sexes, the females seizing 
the packets of spermatozoa deposited by the males 
and conveying them to their own reproductive 
chambers. While some species lay eggs, in other 
cases the eggs are hatched within the bodies of the 
female parent, and the tadpoles born alive, sometimes 
in a highly advanced stage of development. 

In the case of the common salamander, during the 
breeding season the male enters the water first, and is 
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IN WATER FEMALE 
followed shortly afterwards by the female, who gives 
birth to her tadpoles, but in the Alpine salamander 
the young are born on land. The water-newts, on the 
other hand, lay eggs attached to the stems and leaves of 
aquatic plants. The majority of the terrestrial forms 
pass the earlier stages of their existence in the water, 
not leaving this element till their lungs have become 
fully developed. In the tadpole-stage all the members 
of the order are remarkably alike ; and this resemblance 
forbids any wide separation of species like the olm, 
in which the external gills are retained, from the typical 
newts and salamanders, in which these appendages are 
lost at an early period. 

Although some of the larger kinds prey upon small 
fishes, none of the newts and salamanders can be said 
to be harmful to man. The terrestrial species are 
defended against all foes, except fishes, frogs, andsnakes, 
by the poisonous secretion exuded by the glands of their 
skins, but water-newts are devoured by aquatic birds and 
mammals. The reputed noxious characters of the common 
salamander, and its alleged immunity to the effects of 
fire, are, of course, purely fabulous. The existing members 
of the order are divided into four families. 
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OMPRISING the typical members of the order, the 
family Salamandrid@ is specially characterised by 

the absence of gills in the adult condition, the presence 
of upper jawbones, or maxilla, as well as of teeth in 
both the upper and lower jaws, and likewise by the 
development of distinct eyelids. The family, which 
includes by far the great majority of the species of 
the order, is divided into four subfamilies, the first 
of which is characterised by 


having the teeth on the 


SPOTTED SALAMANDER 


palate of the skull arranged in two longitudinal series, 
diverging posteriorly, and inserted on the inner margin 
of two backwardly prolonged processes of the palatine 
bones. The median parasphenoid bone on the base 
of the skull is devoid of teeth, and the bodies of the 
vertebre are convex in front and concave behind. 


TYPICAL SALAMANDERS 


The typical genus of the first subfamily (Salaman 
drine) is represented by three species, ranging from 
Central and Southern Europe to the Caucasus, Syria, 
and Algeria. As a genus, these salamanders are 
characterised by the large and suboval tongue being 
free on the sides, and to a small degree also behind, by 
the palatine teeth forming two curved series, by the 
presence of four front and “five hind toes, and likewise 
by the nearly cylindrical section of the tail. 


SPOTTED SALAMANDER 

The spotted species (Salamandva maculosa), 
varies in length from seven to nine inches, 
may be recognised by the’ length of. the 
tail being slightly less than that of the 
head and body, ‘and still more. readily by 
its brilliant-black and yellow colour. The 
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head is depressed and nearly as_ broad 
as long, the stout body is likewise some- 
what depressed, without any crest along 


the middle of the back, and the short toes 
are devoid of connecting webs. The smooth 
and shining skin is covered on the upper 
parts with pores, from which exudes a 
viscid and acrid secretion endowed with 
decidedly poisonous properties. ‘The yellow 
markings on the head, back, and tail are 
arranged in two longitudinal series, broken up 
into more or less irregularly-shaped patches. 

The species is an inhabitant of Central 
and Southern Europe, Algeria, and Syria, and is the 
one which from time immemorial has been dreaded, 
not only on account of its undoubtedly poisonous 
properties, but likewise owing to the extraordinary 


superstition that if thrown on a fire it would not 
be consumed. Frequenting moist and shady spots, 


either in the mountains among rocks, or in valleys 
and forests, this salamander passes the daytime in a 
kind of torpid condition, only issuing forth from its 


hiding-places among stones or roots ot trees either 
during rainy weather or after nightfall, its skin being 
quickly dried up if exposed to the direct rays of the 
sun. Its movements on land are slow and sluggish, 
its gait. being a crawl with a marked lateral move- 
ment; but in water the creature swims strongly, 
mé inly by the aid of its tail. 

Although frequently found in the neighbourhood of 
its fellows, this salamander can scarcely be termed a 
sociable creature, and it is only during 
the breeding season that the two sexes 
live in company. From the sluggishness 
of its own movements, it is only slow- 
moving creatures such as snails, worms, 
and beetles that the salamander can 
capture for its food, although it is stated 
to occasionally kill small vertebrates. 
Generally a large quantity of food is 
consumed, after which there is a long 
fast, sometimes: lasting for as much asa 
month. 

During the pairing season, which takes 
place in April or May, both sexes resort 
to the water, when the females collect 
the masses of spermatozoa deposited by the males. 
Although the young are usually born alive, it oc- 
casionally happens that eggs are laid by the female, 
from which the young almost immediately make their 
escape. The number of tadpoles produced at a birth 
is very large, as many as fifty eggs being frequently 
found w ithin the body of the female, while an instance 
is on record where upwards of forty-eight young were 
born within four-and-twenty hours. More generally, 
however, from eight to sixteen, and less commonly 
from twenty-four to thirty, tadpoles make their appear- 
ance into the world during a period of from two to 
five days. Generally all these are in an equally 
advanced stage of development, but sometimes in 
captivity both eggs and tadpoles are produced 
simultaneously, the former being translucent and 
showing the young tadpoles curled» up inside. 

het tadpoles, which are generally produced in clear, 
running water, are blac kish grey in colour, with a 
more or less well-marked greenish tinge, but there 
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are small golden spots on the back, which slowly 
increase in size with advancing age. The skin also 
gradually becomes less shining and smooth, and at 
the same time the gills shrink, till about August or 
September the young salamanders quit the water for 
a terrestrial life. A few may, however, remain till 
so late as October. It is remarkable that the young 
salamander is rather inferior in size to the tadpole in 
the latest stage of development, and it is not yet 
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development will, however, live in water like 
those of the other species, thus proving that 
the species originally went through a temporary 
aquatic existence. Although the two young 
salamanders are generally born at the same 
time, occasionally one develops more rapidly 
than the other, so that there may be an interval 
of several days between the births of the two. 
At the pairing seasons these salamanders enter 
the water for a few hours, but are otherwise 
purely terrestrial. 


CAUCASIAN SALAMANDER 


The third representative of the genus is the 
Caucasian salamander (S. caucasica), dis- 
tinguished from both the others by the tail 
being longer than the head. and body. In 
colour this species is black, with irregular rows 
of round yellow spots down the back. 


SPANISH SALAMANDER 


The Spanish salamander (Chioglossa lusi- 
tanica) is the sole representative of a genus 
distinguished from the last by the tongue 
being supported on a _ central protrusile 
pedicle, and consequently free everywhere 
except on the front half of the middle line. 
Considerably smaller than the spotted sala- 


mander, this species is dark brown in colour, 
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known for how long a period it continues to grow 
after leaving the water. In aquaria these salamanders 
develop more quickly, and specimens have been known 
to leave the water within three weeks. The winter sleep 
generally takes place in moss-lined crannies, well pro- 
tected from the frost, and may endure till the beginning 
of April. 
ALPINE SALAMANDER : 

The black Alpine salamander (S. aiva), inhabiting the 
Alps at elevations of from three to ten thousand feet, 
is a smaller species than the last, and ranges -——-~= 
from the Alps into Styria, Carinthia, and some — 
of the mountains of Wiirtemberg and Bavaria. 
It inhabits moist woods or the banks of moun- 
tain streams, where it is generally found in 
small family parties, the members of which 
conceal themselves after the manner of their 
kind beneath stones and moss, or at the roots 
of the Alpine rose. = 

Although resembling the spotted salamander __. 
in producing living young, this species differs 
in that never more than two are bornat a time. 
The most remarkable circumstance connected 
with the reproduction of the species is, how- 
ever, that from thirty to forty eggs are found 
in the oviducts of the females, out of which 
only one develops in each oviduct, at the 
cost of the remainder, which form a glutinous 
mass surrounding the developing egg, and in 
which the liberated tadpole can afterwards 
freely move. There are also some fifteen 
unimpregnated eggs in each oviduct, which 
serve as the food of the newly-hatched tadpole. 

The tadpole, which does not attain its full 
size till after birth, lies in the oviduct of the female with 
its tail curled up, but is capable of moving and even 
turning round. At first the gills are of unusual length, 
being nearly half as long as the whole body, but before 
birth they shrivel up and are represented by mere knobs, 
so that the whole of the tadpole stage is passed through 
within the maternal body. Tadpoles that have 
been taken from the oviduct before completing their 
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rather lighter above than below, with two 
broad reddish golden bands along the body, 
separated from one another by a dark line along the 
middle of the back. It inhabits the north-western 
districts of Spain and the whole of Portugal. 


NEWS) OR] EES 


The newts, all of which are thoroughly aquatic in 
their habits, form an extensive group, spread over 
Europe, Northern Asia, and North America, and are the 
only members of the order found within the limits 
of the British Isles. Having the same number of 
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toes as the salamanders, they are distinguished by the 
highly compressed and rudder-like tail, as well as by the 
frequent presence of a fin-like crest down the middle of 
the back, which often attains a special development 
in the males during the breeding season. With the 
exception of the crested newt, the skull differs from that 
of the salamanders by the presence of a ligamentous or 
bony arch connecting the frontal with the squamosal 
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bone, and the palatine teeth are arranged in two nearly 
straight or slightly curved series. The tongue is free 
along the sides, but may be either attached or more or 
less free behind. 

The genus is divided into two main groups, according 
to the presence or absence of a crest down the middle 
of the back of the males; and each of these may be 
further subdivided and have the characters of the so-called 
fronto-squamosal arch of the =kull. 

Belonging to the group in which the males are pro- 
vided with a dorsal crest, ___ 
the crested species (Molge {= 4 
cristata) differs from all | 
the others in the absence |_ 
of a fronto-squamosal | 
arch to the skull, and is 
further characterised by = 
the serration of the crest, | 
and the orange and black- 
spotted colouring of the 
under parts. The total 
length varies from 5 to | 
52% inches, and the toes 
of both limbs are free. 
The colour of the upper 
parts is brown, blackish, } 
or olive, with more or 
less distinct black spots, 
the sides are  white- 
spotted, and the under | 
parts orange with black 
spots or  marblings. 
During the breeding season the head of the male is 
marbled with black and white, and there is a silvery 
band along the sides of the tail, and in the female the 
under surface of the tail is uniformly orange. The toes 
are yellow with black rings. 

An inhabitant of Great Britain, but in common with 
other newts unknown in Ireland, this species is spread 
over the greater part of Europe, extending as far north 
as Sweden, but unknown in Italy, and ranging eastwards 
to Greece, Turkey, and Russia. Not improbably the 
so-called Blasius’s newt (M. blasiz), from North-Western 
France, is a hybrid between the present and the next 
species, having the form and colouring of the former, 
but the fronto-squamosal arch of the latter. 

Of the other European species one of the handsomest 
is the marbled newt (M. marmorata) from France, 
Spain, and Portugal, which ; - aaa 
has a lgamentous fronto- - 
squamosal arch to the skull, 
and is specially distinguished 
by the smooth dorsal crest 
of the male and by the under 
parts being generally dark 
with white dots. The total 
length is about 5+ inches. 
In general colour the upper 
parts are green with black 
marblings; the crest of the 
male being ornamented with 
black and white vertical 
bars, while the female dis- 
plays an orange streak running down the middle 
of the back. The sides of the tail show a silvery 
white band, most distinctly marked in the male 
during the breeding season ; the under parts are brown 
or greyish, with more or less distinct darker spots, and 
dotted with white ; and the green toes are marked with 
black rings. Rare in France, this species is common in 
Spain and Portugal, where it lives in ponds and streams 
only in the early spring, spending the remainder of the 
vear on dry land. 
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The next species for notice is the Alpine newt (M. 


alpestris), which differs from the last by the much lower 


dorsal crest of the males, and likewise by the uniformly 
orange colour of the under parts. In size it is a com- 
paratively small species, varying from 3} to 4 inches 
in length. p : 

In colour the upper parts, which may be either 
uniform or with darker marblings, vary from brown or 
greyish to purplish; the sides have a series of small 
black spots on a whitish ground, beneath which in the 

d male during the breeding 
- season runs a sky-blue 
> band; the crest on the 
back and tail is white 
with round black spots ; 
the throat is frequently 
4 dotted with black; the 
* under parts are uniform 
/ orange or red, and the 
=~ lower edge of the tail of 
~ the female is orange 
—| spotted with black. The 
| Alpine newt inhabits 
France, Belgium, Hol- 
land, Germany, Switzer- 
land, Austria, and the 
north of Italy. : 

A fourth European re- 
presentative of the genus 
is the small common 
newt (M. vulgaris), which 
belongs to the same group 
as the preceding, and is specially distinguished by the 
festooning of the dorsal crest, the lobate hind toes of 
the male, and the black-spotted under parts. Abundant 
in almost every English pond and ditch where the water 
is sufficiently clear, this species ranges all over Europe, 
with the exception of the south of France, Spain, and 
Portugal, and is likewise widely distributed in temperate 
Asia. It measures about 34 inches in length, and has 
a nearly smooth skin (pages 1656-7). 

The upper parts are brown or olive in colour, with 
darker spots, larger and more rounded in the male 
than in the female ; the head is marked with five longi- 
tudinal dark streaks; the under parts are yellowish, 
with a median orange or feddish zone, and marked with 
black spots in the male, and dots of the same in the 
female. In the latter the lower edge of the tail is 

— , uniformly orange, whereas in 
_ the male it is red, bordered 
_ with blue, and interrupted 
| by vertical black bars. 
The last of the European 
| species that can be noticed 
at length is the webbed newt 
(M. palmata), distinguished 
_ from all the preceding mem- 
bers of the genus by the 
bony fronto-squamosal arch 
: to the skull, and likewise by 
the webbed hind toes of the 
male. This is the smallest 
species yet noticed, its length 
not exceeding three inches. The colour of the upper 
parts is brown or olive, with small dark spots on the 
body and longitudinal streaks on the head. In the male 
there are also minute brown speckles on the head ; and 
the dorsal crest, as well as the upper part of the caudal 
crest, together with the hind feet, are blackish. Except 
for a median orange zone, the under surface is uncoloured, 
although there may be a few small blackish dots; 
there is a series of spots along the upper and lower 
borders of the tail, and the crest on its lower surface 
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1s orange in the female and bluish grey in the male. 
The webbed newt has been recorded from Great 
Britain, France, Belgium, Holland, Switzerland, Western 
Germany, and the north of Spain. 


With the exception of the banded newt (M. vittata) 


of Asia Minor and Syria, distinguished by the presence 
of a black band along each side of the body, all the 
other members of the genus are devoid of a crest along 
the back in the male. One of the most remarkable of 
these is Waltli’s newt (M. wadliliz), from Spain, Portugal, 
and Tangier, distinguished py . : 
by the elongation of the ribs, 
which in some instances | 
actually perforate the skin, 7\ 
so as to form a row of sharp \. 
points on each side of the 
body. In a fossil state the 
genus has been recorded from 
the lower Miocene paper-coal ‘ 
deposits hear Bonn. 

Since the general habits of} ; 
all newts are very similar, : 
one account will serve for 
the entire group; but it must 
be remembered that whereas 
the whole of them are aquatic during the breeding 
season, at the close of that period some species leave 
the water and live for the rest of the summer on land, 
and nearly all seem to pass some portion of the year 
out of the water. Newts generally prefer clear and 
running water, with plenty of aquatic plants on which 
to deposit their eggs. 

On land they are somewhat awkward and slow, but in 
water they swim with great rapidity by the aid of their 
oar-like tails, their hind legs being pressed close to the 
sides of the body, so that their mode of progression is 
exactly the opposite to that of a frog. Theyroften stand 
upright in the water when coming to the surface to 
breathe, after which they sink to the bottom with.a 
snake-like movement in search of prey. When on land 
they seek shelter beneath stones and roots, or in holes 
in the ground, and in such situations often undergo 
their winter sleep, although such as live in deep water 
pass the cold season 
of the year in a kind 
sof _ torpor, at tie 
bottom. All newts 
are carnivorous or 
insectivorous, and 
the crested newt 
feeds largely on the 
tadpoles of the com- 
mon frog, while the 
larger species will 
prey on the smaller 
members of their 
own genus. 

Although there is 
considerable differ- 
ence in the spawn- 
ing time of the 
various species, the 
eggs are generally ; 
deposited during May or June, the female laying 
each egg singly on the edge of the leaf of some 
water-plant, which is folded together by her hind feet, 
and thus held by the viscosity of the egg. In the course 
of a few days after its deposition, the white embryo 
assumes an elongated form within the egg, and soon 
after is seen to be folded upon itself, with the gills 
well developed, and in advance of them a pair of 
lobes by which the liberated tadpole affixes itself to 
aquatic plants. When about a quarter of an inch 


SPECTACLED “SALAMANDERS 


in length, and while the gills are still simple, the tadpole 
bursts its envelope; the front limbs at birth being 
represented merely by a pair of small knobs behind 
the gills. When hatched, it swims about in an aimless 
kind of way till it strikes against some object to which 
it can easily attach itself, and after a short time starts 
on another voyage. 

Development now proceeds apace, and in the course 
of two or three weeks the tadpole will have attained 
a length of about half an inch, the gills will have 
TS SSR » become elegantly branched, 
and the fore limbs well- 
_ developed. At this period 
‘ the eyes assume their per- 
manent character, and the 
mouth has become terminal, 
| while the lobes for attach- 
ment to plants are well-nigh 
' absorbed. Still flater the 
front feet, which had pre- 
viously been only digitated, 
acquire four distinct toes, the 
hind limbs make their appear- 
ance and gradually assume 
their full proportions, and 
the gills have become still more complex. From this date 
the latter appendages gradually diminish in size, and 
shrivel, while the lungs are at the same time developed, 
until finally, about the latter part of the autumn, the 
newt has completed its metamorphosis, and passed 
from the condition of a fish to that of a reptile. Although 
in most cases newts shed their skin piecemeal, in the 
crested newt it has been observed to be cast entire. 


SPECTACLED SALAMANDER 


-The presence of only four toes to each foot, and of a 
bony fronto-squamosal arch to the skull, are the most 
distinctive features of the little spectacled salamander 
(Salamandrina perspicillata) of Italy, the sole repre- 
sentative of the genus to which it belongs. It is, 
however, further distinguished by its slender form, 
and also by its somewhat compressed and rapidly 
tapering tail, furnished both above and below with a 
longitudinal keel, as 
well as by the 
palatine teeth being 
arranged in two 
parallel series di- 
verging posteriorly. 
The tongue is very 
similar to that of the 
genus Chioglossa. 

Reaching from 
rather more than 
3 to nearly 4 inches 
in length, this pretty 
little salamander has 
a warty skin, and is 
generally black on 
the upper parts, 
although there is a 
triangular or chev- 
ron-shaped yellow 
mark on the top of the head. On the under side the chin 
is white, the throat black, and the rest of this aspect 
white, usually marked with black spots; the lower 
surface of the tail and adjacent part of the body is, 
however, bright carmine. The tarantolina, as this 
salamander is termed in Italy and Sardinia, inhabits 
cool, shady spots on the flanks of the mountains, where 
it feeds chiefly upon ants and spiders, and is active 
at all seasons of the year, having been seen abroad 
even in January. 


1661 


= 


s<= 


ae 


HARMSWORTH NATURAL HISTORY 


Although it appears that the pairing takes place on 
land, the females resort to the water in March to deposit 
their eggs, those that are the first to arrive taking the 
best places, such as sheltered corners of rock, where the 
spawn will be less likely to be washed away by floods. 
The young are hatched in about three weeks, and 
In its movements 


generally leave the water in June. 
on land this sala- 
mander is as active as 
a lizard. 


OTHER GENERA 


There are two other 
existing genera of the 
subfamily under con- 
sideration, both dif- 
fering from the 
preceding groups in 
the circumstance that 
the maxilla, or upper 
jawbone, is more or 
less fully in contact 
with the pterygoid 


one of which ranges as far south as Mexico, the genus 
has also one Asiatic member, inhabiting the mountains 
of Siam, probably at a great elev ation, and also Burma. 

-The majority of axolotls pass from the tadpole to the 
salamander stage in the ordinary way, but this is not the 
case with the typical race of the Mexican axolotl (A. tigri- 
num), a species which likewise extends over a large area in 
the Uni.ed States. In 
the adult form, which 
is Shown in the upper 
illustration, the head 
is large and depressed, 
and has a broad and 
blunt muzzle, the 
limbs being stout, 
with short toes, and 
the rather long tail 
distinctly compressed, 
and keeled above and 
below near the ex- 
tremity. The shining 
skin is finely granu- 
lated, and the general 


bone. Both: have a colour brown or 
fronto-squamosal blackish, with more 
arch, but whereas in or less numerous 
Tylotriton this is bony yas: — 4 yellow spots, which 
throughout, it is liga- ADULT OF MEXICAN AXOLOTL may be arranged 


mentous posteriorly in 

Pachytriton, which has also the tail cylindrical at the base, 
instead of compressed throughout. The former genus, in 
which the skin is extremely warty, is represented by one 
species from Siam and the Eastern Himalaya and a second 
from the Liu-Kiu Islands, while the latter is known only 
by a single Chinese form. 


AXOLOTLS 

Although, properly speaking, the term axolot! applies 
only to the permanent larval form of the Mexican 
representative of the genus Amblystoma, it is convenient 
in practice to make it 
include all the mem- 
bers of that group, 
whether mature or 
immature. Together 
with certain other 
genera, Amblystoma 
constitutes a second 
subfamily, Amblysto- 
mating, distinguished 
from the Salaman- 
drine by the teeth on 
the palate forming a 
transverse or pos- 
teriorly converging 
series, and being 
inserted on the hind 
portion of the bones 
known as the vomers, 
as well as by the 
bodies of the vertebrae 
being cupped at each 
end. 

The typical genus 
is specially character- 
ised by the palatal 
teeth forming a nearly straight or angulated series, 
not separated by a space in the middle line; and 
likewise by the radiating folds of skin on the tongue, 
which are oval or nearly circular in form, with the sides 
completely and the front partially free. There are 
five hind toes, and the tail is more or less compressed. 
Represented by a number of North American species, 


MEXICAN AXOLOTL 


LARVAL STAGE OF 


in transverse bands. 
In the United States the transformation from the 
larva to the adult apparently goes on in the ordinary 
manner; but the case is very different in Mexico, 
where the city bearing that name is surrounded by an 
extensive lake, while the country itself is characterised 
by its extreme dryness. In this lake dwell the creatures 
represented in the lower illustration, which are known 
to the natives by the name of axolotl. It will be seen 
from this picture that they resemble the tadpole stage 
of ordinary salamanders and newts in having large 
branching gills and a deep rudder-like tail; and the natural 
conclusion would be 
that they are larval 
forms. However, in 
the Mexican lakes, the 
axolotls remain per- 
manently in the water, 
retaining their gills 
throughout life, and 
laying eggs, as if they 
were adult; and it was 
consequently long 
considered that they 
belonged to a type 
with persistent gills. 
It was not until the 
year 1865 that light 
was thrown on the his- 
tory of these creatures 
by six examples which 
had been living for 
more than a year at 
Paris. Thesecomprised 
five males and one fe- 
male, and in February 
the latter began to lay 
eggs, W hich in a month 
hatched into tadpoles like their parents. In September 
the gills and crest of the tail of one of these began to 
shrivel, while the head increased in size, and yellow spots 
appeared upon the dark skin. Towards the early part 
of October similar changes took place in the others, and 
soon afterwards the four assumed the appearance of the 
terrestrial salamander described as Amblystoma tigrinum. 
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“The obstacles that salmon will surmount in their ascent of rivers during the return from the sea are too well 
probable that the height to which thev can leap has been exaggerated.” 


known to require notice: but it is 
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CAVE-SALAMANDERS 


Subsequently experiments were made with other 
young axolotls by placing them in a glass vessel filled 
with water, but with rocks at one end, so that the 
creatures could creep out and expose themselves to 
the air as much as they pleased. After a day’s interval 
the amount of water in the vessel’ was diminished ; 
and almost immediately the gills of the axolotls began 
to shrink, and in the course of time, during which they 
dwelt chiefly in damp moss, they gradually developed 
into air-breathing salamanders. It has been inferred 
from these remarkable experiments that the Mexican 
axolotl, like the other members of the genus to which 
it belongs, originally went through the normal series 
of transformations ; but that, owing to the dry nature 
of the country it inhabits, it has acquired the habit 
of retaining the larval condition permanently. From 
its being able to breed in this state, it may further be 
inferred that the tadpole stage was originally the per- 
manent condition of all members of the order, and that 
the salamander stage is a later development. 

The belief that the Mexican axolotl remains usually 


-in the larval state throughout life because it has no 


opportunity for a terrestrial existence and breathing 
air, and that, conversely, when axolotls develop at an 
unusually early period of their existence into adult 
tiger-salamanders it is owing to their being deprived 
of an aquatic habit, has been challenged by Mr. J. H. 
Powers, who believes the acceleration or retardation 
of development to be due rather to differences of 
nutrition. After mentioning that, in his opinion, 
differences of temperature are not the all-important 
factor in the change, he proceeds to observe that all 
the numerous instances of accelerated development in 
axolotls that have come under his notice have been the 
result of partial starvation. For instance, among a 
number of axolotls kept in a tank of cold spring-water, 
in which there was no visible food-supply, several 
developed into salamanders, three under the size at 
which the metamorphosis usually takes place. 

Prolonged starvation is, however, by no means neces- 
sary to stimulate the change, and when full-fed 
axolotls of a certain age are kept without food for a few 
days, some of them are almost certain to undergo the 
metamorphosis. Liability to change, under favourable 
circumstances, seems also to depend to a certain extent 
on the temperament of the individual, restless and 
excitable axolotls being prone to undergo metamor- 
phosis, while their more phlegmatic brethren remain 
im statu quo. If these observations and interpretations 
be correct, it follows that the converse should be true, 
that is to say, a constant food-supply should tend to 
check the metamorphosis. 

In axolotls from Colorado and Dakota two kinds of 
metamorphosis occur during the passage from an 
aquatic to a terrestrial existence. First of all is the de- 
velopment of the limbs and lungs, the alteration of the 
circulatory system, and the maturation of the reproduc- 
tive organs. But there are also secondary changes, 
which may occur either early or late in life. In some 
districts axolotls pass into the adult amblystoma 
state when quite small; but in Mexico, as stated above, 
these secondary changes never take place at all. 


ALLIED GENERA 

There are six other genera belonging to the sub- 
family Amblystomatine, of which Hynobius is repre- 
sented by several Japanese species. Salamandrella, 
distinguished by having only four hind toes, is a 
Siberian type, with two species; Onychodactylus, 
which may be recognised by its black claws, is known 
by one species from Japan; while Ranidens, from 
Eastern Siberia and North-Eastern China, Batrachy- 


perus from North-Western China, and the Californian. 
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Dicamptodon, all of which have the palatal teeth 
arranged in two arches, with their convexity forwards, 
and separated by a wide space in the middle, are like- 
wise respectively represented by a single species. 


CAVE-SALAMANDERS 

Five genera represent a third subfamily, the Ple- 
thodontineg, mainly American in distribution, and 
characterised by the series of palatal teeth being 
transverse and situated on the hind part of the vomers, 
and also by the presence of teeth on the parasphenoid 
bone, as well as by the bodies of the vertebrae being 
cupped at both ends. Of the five genera, Plethodon, 
with the tongue attached along the middle line to the 
anterior margin, and five hind toes, is mainly confined 
to North America, where it is represented by several 
species, but has one outlying member (P. platensis) in 
Argentina. P. shermani of Northern Carolina is charac- 
terised by its brick-red legs and lead-coloured body. 

On the other hand, the large genus Spelerpes, which 
has the tongue attached only bya central pedicle, and all 
its edges free, ranges into Central America and the 
West Indies, with an outlying species (S. fuscus) on 
the mountains round the Gulf of Genoa and Sardinia. 
The fact that some, if not all, salamanders of this genus 
are devoid, when adult, of lungs and gills has been 
mentioned in- the introduction to the class. 

The typical American cave-salamander (Spelerpes 
maculicaudus) appears to be confined to the Missis- 
sippi valley, where, although commonly found 12 
caves, it may occasionally be met with in woods.. 
When in caves, it is generally to be found at no great 
distance from the entrance, usually but little beyond 
the twilight-zone. For breeding purposes, however, 
these salamanders penetrate deeper into the recesses 
of the caves, where the larvae are produced, such full- 
grown larve as are met with in the open country having 
probably been washed out by freshets. Within caves 
the adult salamanders are usually to be found in 
crevices or upon rock-shelves. 

From an artesian well 188 feet deep, bored at San 
Marcos, in Texas, were thrown up, in the year 1894, 
about a dozen specimens of a strange salamander 
previously unknown to science. The largest specimen’ 
was only 4 inches in length, and all were elongated, 
semi-transparent creatures, with external gills, long, 
slender limbs, and functionless eyes embedded in the 
skin. Two years later the species was described as the 
representative of a new genus under the name of 
Typhlomolge vathbuni, and from a superficial resem- 
blance to the olm of Carniola, it was long considered as a 
member of the family Proteid@. Later investigation of 
the anatomy of the Texas species has, however, con- 
vinced Miss E. Emerson that such a reference is in- 
correct, and that the creature is really the persistent 
larval form of a salamander allied to Spelerpes, and 
that its superficial resemblance to the olm is merely the 
result of the similarity of its habitat. Whether in other 
surroundings it would, like the axolotl, undergo a 
metamorphosis into a gill-less adult form can be only 
a matter of conjecture. Dr. Kingsbury has suggested 
that the olm and Necturus are likewise persistent 
larval forms, and related to Spelerpes. Without deny- 
ing the possibility of this, Miss Emerson points out 
that they can scarcely be regarded as allied to the 
latter genus, since they possess lungs, which are 
wanting in the group containing Spelerpes. ’ 

A fourth subfamily, the Desmognathine, which differs 
from the last by the bodies of the vertebrae being cupped 
behind and convex in front, is represented by Desmo- 
gnathus {rom North America generally, Thorius with one 
Mexican species, and Lyphlotriton with another from a 
cave in Missouri which is stone-blind. 
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FISH-LIKE SALAMANDERS 


HE members of the family Amphiumide, which, for 
want of a better name, may be collectively desig- 
nated by a translation of their German title, fisch- 
molche, differ from the Salamandrid@é in the absence of 
evelids. The bodies of their ver.ebre are always cupped 


at both ends. They are all characterised by the weak- 
ness of the limbs in comparison to the body, and the 
wide separation of the front from the hind pair. They 
live chiefly or entirely in the water, and breathe by 
means both of lungs and internal gills in the adult 
state. Only two genera are here recognised, although 
many naturalists distinguish three. 


GIANT SALAMANDERS 

The earliest known record of this family is afforded 
by a skeleton from the upper Miocene of Oéningen, in 
Baden, described by Dr. Scheuchzer in the year 1726, 
under the name of Homo diluvit-testis ; the learned 
doctor believing that he had to do with a human 
skeleton, which, like all fossils at that time, was con- 
sidered to have been buried by the Noachian deluge. 
This fossil species, which was fully as large as the 
existing giant salamander, to- 
gether with a smaller extinct 
species from lower Miocene 
strata near Bonn, probably 
belongs to the same genus as 
the living species. 

The living giant salamander 
(Cryptobranchus maximus) was 
first discovered in 1820 by Dr. 
Siebold in the rivers of Japan 
It is characterised by having 
four front and five hind toes, 
the absence of a gill-opening, 
and the presence of two internal 
gill-arches. The tongue covers 
the whole of the floor of the 
mouth, to which it is completely 
adherent ; while the palate has 
a curved series of tecth on 
the vomers, parallel to those on the margin of the 


upper jaw. In form the giant salamander is 
very stoutly built; the head being relatively large, 
wide, and flattened, with the muzzle regularly 


rounded, the small nostrils situated near the extremity, 
and the eyes minute. The body is likewise broad and 
depressed ; the legs and toes are short, the outer ones, 


as well as the outer side of the hind leg, having a 
membranous fringe, and the short tail is strongly 
compressed, with a fin above and below, and its tip 
rounded. The skin, which forms a thick fold along 
each side of the body, is very warty, especially on the 

head, and the general colour is brown 


ny 


oe ’_ with black spots, becoming lighter on the 


upper parts. The ordinary length of 
this salamander is about 35 inches, but 
it is stated at times to grow to as much 
as 44 inches. 

Although the original specimens were 
purchased by Dr. Siebold in the market 
of Nippon, the giant salamander is now 
ascertained to inhabit not only the 
mountain streams of that island, but 
likewise those of several parts of the 
Japanese mainland, as well as of Western 
Central China. Nowhere very abundant, 
this monstrous eft generally frequents the 
upper courses of small mountain-streams 
at elevatiéns of from seven hundred to 
five thousand feet above the sea-level ; 
some of these streams being not more 
than a foot in width, and completely 
covered over with grasses and other 
herbage. The water is clear, and while 
the full-grown salamanders usually curl 
themselves round masses of rock in the 
bed of the stream, the younger ones live in holes. 

Except in search of food, which consists of worms, 
crustaceans, fishes, and frogs, these amphibians do not 
leave their hiding-places, and then only at night, and 
they never venture on land. In confinement they are 
extremely slow and sluggish in their movements, only 
exhibiting any marked activity when they rise to snap 
at a worm or other tempting morsel. In spite of her 
large size, the female lays very minute eggs, which are 
generally deposited in August and September. The 
first two living examples brought to Europe were 
obtained in 1829 by Dr. Siebold, and were fed on fresh- 
water fish brought from Japan, but when these began 
to fail, the male devoured his unfortunate partner. 
When suitable food was procured, the male, however, 
flourished and increased rapidly in size, surviving 
till the 1881, when it died in Amsterdam. 


year 


THREE-TOED SALAMANDER 

Although many other examples have been subse- 
quently kept in zoological gardens and aquariums in 
Ikurope, some for a great length of time, till 1902 none 
had been observed to breed, and the little that was 
known concerning this function was due to the investi- 
gations made in Japan. In that year, however, the 
director of the Amsterdam Zoological Gardens, Dr. 
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Kerbert, was so fortunate as to witness the ovi- 
position and nursing habits in specimens which 
had been kept there since 1893. No pairing | 
was observed to take place. The eggs were | 
deposited on September 18 and 19, 1902, these 
forming two rosary-like strings, much as in the 
midwife-toad, and numbering upwards of 500. 

The male witnessed the lengthy operation of 
spawning in great excitement, fiercely chasing 
away such intruders as the small fish sharing the 
aquarium. He afterwards took charge of the 
eggs, and for the ten weeks which elapsed until 
the release of the last larve he kept close to 
them, at times crawling among the coiled mass 
of strings or lifting them up, evidently for the 
purpose of aération. The larva on leaving the egg 
is about an inch long, and is provided with three 
pairs of large fringed external gills, like those of 
newt-larve or axolotls. The fore limbs are two-toed 
at their extremities in the newly-hatched tadpole. 
.When the young salamander has attained the 
length of 6 inches it has acquired all the char- 
acteristics of the adult. 


THE HELL-BENDER 

The ill-sounding name of hell-bender is applied 
in its native country to the Mississippi sala- 
mander (Gryptobranchus lateralis), which differs 
from its Asiatic cousin by the presence of a gill- 
opening, at least on the left side of the neck, 
and likewise by the presence of four pairs of 
gill-arches, and by the anterior border of the 
tongue being free. In general form this sala- 
mander closely resembles its larger relative, the 
skin being porous and rather smooth, and the 
head covered with scattered wart-like tubercles. 
The colour is brown or greyish, with darker 
blotches; but the tips of the toes are yellowish. 
In length this species reaches about 16 or 
17 inches, and it inhabits all the tributaries 
of the Mississippi, and ranges into North Carolina. 
In these streams it crawls or swims in a sluggish 
manner, seldom leaving the water, although it can 
exist on land for twenty-four hours or so at a 
stretch, feeding on crustaceans, worms, and 
fishes, and being not infrequently taken on the 
anglers hook. From the circumstance that the 
tadpoles have not been observed, it would seem that 
the larval stage must be of very short duration, and 
the only thing known about the development of the 
species is that the eggs are of relatively large size. 

Although perfectly innocuous, the hell-bender is 
regarded by American fishermen as a most noxious 
and poisonous reptile. It was first brought alive to 
Europe in 1869, since which date it has been frequently 
exhibited ; and if fed on meat or the heads of fishes 
will rapidly increase in size, although it appears 
to voluntarily undergo long fasts. While in the water it 
has been observed to make the air from its lungs pass 
over the gills, with the apparent object of more fully 
oxygenating the blood in the latter. 


THREE-TOED SALAMANDER 


The eel-like, or three-toed, salamander (Amphiuma 
means) alone represents a North American genus ranging 
from the Mississippi to South Carolina, and distin- 
guished by its extremely elongated and eel-like form, 
and the small size of the limbs, each of which terminates 
in three or two minute toes. The tongue is indistinctly 
defined, covering the whole of the floor of the mouth, 
to which it is everywhere adherent; there is a gill- 
aperture on each side of the neck, and four internal 
gill-arches are present. The head is relatively small, 
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with a rather long and narrowing muzzle, at the 
extremity of which are the small and widely-separated 
nostrils; the eyes are likewise minute, the lips are 
unusually thick and fleshy, and the short compressed 
tail is keeled superiorly. The smooth and slimy skin 
is of a uniform blackish brown colour, although rather 
lighter below than above. In total length full-grown 
examples measure about 31 inches. From the differ- 
ence in the number of the toes it has been thought 
that there are two species, but since the two-toed and 
three-toed forms are in other respects similar, it seems 
preferable to regard them as varieties, or possibly local 
races, of a single species. 

These salamanders are inhabitants of muddy waters, 
frequently burying themselves in the mud at the 
bottom, in one instance to the depth of a yard or more 
in thick, clayey mud of the consistence of putty, in 
which they burrowed like worms. They also frequent 
the irrigation-channels in rice-fields, and occasionally 
venture on land. Their food comprises fresh-water 
mussels, fishes, beetles and other insects, and crus- 
taceans. Beyond the fact that the female lays eggs, 
in which the tadpole les coiled up until it attains 
several times the length of its chamber, little appears 
to be known with regard to the breeding habits of this 
species. 
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OLM TRIBE 


REPRESENTED only by the curious olm of the subter- 

ranean waters of Carniola and other parts of Europe, 
and two allied but generically distinct species in North 
America, the members of the family Proteid@ are 
characterised by the permanent retention of external 
gills, on which account they may be regarded as some 
of the lowest representatives of the order. In addition 
to this primary feature, they are characterised by the 
absence of the upper ; 
jawbone, or maxilla, 
although the premaxilla 
is present, and, like the 
lower jaw, furnished. | 
with teeth. There are 
no eyelids, and _ the 
bodies of the vertebrie 
are cupped at both 
extremities. There are 
differences in the exter- 
nal form of the two 
genera; the olm 
being a long, snake- 
like creature with small 
limbs, whereas the two 
American species resem- 
ble salamanders in 
general form. 

THE OLM 

Known for more than 
a couple of centuries, the 
remarkable creature to which Dr. Oken gave the name 
of olm is the sole representative of its genus, and is 
technically known as Proteus anguineus. From its 
American relatives it is distinguished by its snake-like 
body and small and widely separated limbs, of which 
the front ones are provided with three toes, while the 
hind pair carries only two toes. The eyes are concealed 
beneath the skin, the small tongue is free in front, and 
the palatal teeth are small and arranged in a double 
series. In the typical race from Carniola the head is 
elongate, with a long and narrow muzzle, truncated at 
the tip, and the mouth is small, with large lips. The 
short and much-compressed tail is provided with a fin, 
and tounded or bluntly-pointed at the tip. 

The smooth skin is marked by twenty-six or twenty- 
seven grooves, corresponding to the ribs, and is 
uniformly flesh-coloured, with coral-red gills. In a 
variety from Dalmatia the snout is longer and narrower, 
and the number of costal grooves only twenty-four ; 
while in a third variety, inhabiting Carinthia, the whole 
form is stouter, the head shorter, with a rounded 
muzzle, and the number of costal grooves twenty-five. 
There is also a certain variation as regards colour, 
appazently largely depending upon the amount of 
light to which the creatures have been exposed, some 
examples. being reddish brown, and others darker 
with bluish black spots. The usual length is about 
10 inches. 

Totally blind, the olm is found solely in the subter- 
ranean waters of the caverns of the Alps of Carniola, 
Dalmatia, and Carinthia, and has long been an object 
of the greatest interest to naturalists: It has been 
thought that the waters in which the olm lives were all 
connected together underground, and that the sala- 
manders only came up during flood-time, but the 
great distance from one another of the various 
localities where they are found is somewhat against 
this view. 

It is, however, only when the subterranean waters 
are at their greatest height that the olms are captured 
by the peasants, by whom they are placed in glass 
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jars half-filled with water, and sold to tourists. In 
confinement, where they have been known to survive 
from six to eight years, they lie sluggishly all day at the 
bottom of their tank, only moving if a ray of light 
impels them to seck a darker corner. When in small 
vessels where the water is not often renewed they 
frequently come to the surface to breathe, opening their 
mouths and letting air pass through their gill-openings ; 
but in deeper or in tre- 
quently-changed water 
they breathe entirely by 
means of their gills. 
Many experiments 
have been made, with 
the view of ascertaining 
whether the olm will, 
under any circumstances, 
lose its gills, but hitherto 
without result. In cap- 
tivity the foad of these 
amphibians consists 
of molluscs, worms, and 
the minute creatures to 
be found among the 
leaves of water-plants. 
In spite of having been 
kept for many years in 
captivity, it was not 
ascertained till 1875 that 
the olm lays eggs, and 
it was thirteen years later before any tadpoles 
were hatched in captivity. In April, 1888, upwards 
of seventy-six eggs were laid by a single female, which, 
after a period of three months, developed into tadpoles. 
These were very similar to the adult, but the 
tail-fin extended three-quarters down the back, the 
eye was larger, and apparently more susceptible 
to light, and the hind limbs were in the form of 
small knobs. 
_ So long ago as 1831 the olm was reported to produce 
its young alive, and although the statement was long 
overlooked, it appears that under certain conditions, 
at any rate, this is actually the case. In 1Ig07 Dr. 
Nusbaum recorded the fact that the olm is sometimes 
viviparous, although he believed this to be abnormal, 
owing to the specimen in his possession having been 
kept for thirteen months in a comparatively warm 


place. ~ 
Later on the viviparous nature of the repro- 
duction was verified in several examples kept 


in Vienna by Dr. Kammerer, who, differing from the 
former writer, regards the viviparous reproduction as 
normal in caves with a constant temperature of 
I1-12°C.; but in captivity, where so low a tempera: 
ture cannot be maintained throughout the year, the 
olm has a tendency to get rid of its eggs as soon as 
fertilised, instead of retaining them in the uterus until 
the young have reached a more or less advanced state 
of development. The case observed by Dr. Nusbaum 
in contradiction with this theory might be explained 
by the fact that the captive female which gave 
birth to young was too old to adapt herself to new 
conditions. 

The subterranean Texas salamander (Typlomolge 
vathbunt), which has been regarded as a permanently 
gilled type allied to the olm, is mentioned above 
under the heading of the family Salamandride. 


FURROWED SALAMANDERS 


A very different looking animal to the olm is the 
furrowed salamander (Necturus maculatus), of Eastern 
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TWO-LEGGED 


North America 
name from 
the throat. 


takes its 

skin on 
and more 
limbs, it 
well-developed 


and Canada, which 

the strongly-marked fold of 
In addition to its shorter 
lizard-like form, and relatively longer 
differs from the olm by having 
eyes, and four toes to each foot. The tongue is 
large, with the front border free; and the palatal 
teeth are large and form a single series. In colour 
the smooth skin is brown, with more or less well- 
defined circular blackish spots, and lighter on the 
under parts than on the back. The total length is about 
a foot. 


TWO-LEGGED 


"THE sole representatives of the last family (Si:venide) of 

the tailed amphibians are the two-legged salamanders 
of North America, of which there are two species, 
arranged under the genera Siven and Pseudobranchus. 
While agreeing with the members of the preceding family 
in the permanent retention of external gills, they are dis- 
tinguished by the total loss of the hind limbs, and like- 
wise by the absence of teeth in the margins of the jaws. 


THE MUD-EEL 


The so-called mud-eel (Szven lacertina), which inhabits 
the South-Eastern United States, and may be compared 
to a snake furnished with a pair of short fore legs and 
external gills, is specially distinguished by the presence 
of three pairs of gill-openings on the sides of the neck 
and the four-toed feet. The smooth skin is either 
uniformly blackish, or marked with small white dots, 
and the total length reaches to as much as 28 inches. 


a 


THE MUD-EEL 


SALAMANDERS 


An allied species (N. punctatus) inhabits the rice-fields 
of the Southern States. The food of these salamanders 
is similar to that of their relatives, and in winter 
they seek protection from frost by burrowing deep 
in the mud. They come at times to the surface 
to breathe, and will even venture on land; but they 
chiefly respire by means of their gills, and if the latter 
become entangled, they are carefully rearranged by 
means of the fore foot. These salamanders, it is 
important to notice, possess on the sides of the tail 
a slime-canal, corresponding to the so-called lateral 
line of fishes. 


SALAMANDERS 


GEORGIAN TWO-LEGGED SALAMANDER 


The Georgian two-legged salamander (Pseudobran- 
chus styiatus), on the other hand, has only a single 
pair of gill-openings on the neck, and but three toes to 
the teet.. These salamanders are stated to frequent 
swampy localities, especially pools of water beneath 
the roots of old trees, up the stems of which they will 
sometimes climb. 

A living example of this salamander was received in 
England in 1825, where it lived till 1831. This 
specimen was fond of coming out of the water to rest 
on sand or among moss, and in summer ate worms, 
tadpoles, and various other small creatures, but 
became torpid from the middle of October till the 
end of April. That these salamanders can _ breathe 


entirely by means of their lungs is proved by a 
specimen in an aquarium whose gills had been eaten 
off by a fish. 


From a specimen in the Natural History Museum, New York 
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CECILIANS OR WORM-LIKE AMPHIBIANS 


HE remarkable worm-like and blind amphibians 
forming this group are generally regarded as the 
representativ es of a distinct “order, although they are 
considered by some writers to be merely a degraded 
branch of the tailed amphibians, to which they are 
allied through the fish-like salamanders. Be this as it 
may, the group is readily distinguished by the total 
absence of limbs, and the general worm-like appearance 
of the head and body, the ‘tail being either rudimentary 
or wanting. In the skull the frontal bones are distinct 
from the parietals, but the palatines are fused with the 
maxille. 

As regards their reproduction, these 
differ from the newts and salamanders in that the 
two sexes come together in the ordinary manner. 
Some of them are peculiar in having ov erlapping scales 
embedded in the skin, like fishes ; “and in all of them 
the eyes are either wanting, or are so deeply buried 
beneath the skin as to be entirely useless. The whole 
of the members of this curious group are burrowing in 
their habits, and in the adult state are completely 


amphibians 
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scales are developed, at least in some portion of the 
body, being the Asiatic Ichthyophis and the South 
American Cecilia. One of the species of the latter 
genus is represented in the illustration. 

The common Sinhalese species, Ichthyophis glutinosus, 
which ranges from Ceylon and the Eastern Himalaya to 
Sumatra and Java, inhabits damp situations, and 
usually burrows in soft mud. In some hollow near the 
water the female—which measures about 15 inches 
in length—lays a cluster of very large eggs, arranged 
in pyramidal form, round which she coils her body and 
broods them after the manner of a python. When the 
young are hatched out, they remain in the egg-mass 
until they have lost their external gills, after which 
they take to the water, to lead for a time an aquatic 
life. During this stage"ef their existence the head is 
fish-like, with large lips, and the eyes better developed 
than in the adult. There is a gill-opening on each side 
of the neck, and the tail is distinctly defined, much 
compressed, and furnished both above and below with 
fins. Of the group without scales, the genus Gegenophis 


A CCECILIAN OR WORM-LIKE AMPHIBIAN 


terrestrial, laying eggs from which are developed gilled 
tadpoles that do not take to the water till some 
time after birth. The fourteen genera into which the 
group has been divided may all be included in the single 
family Caeciliide. Geographically these amphibians 
are spread over the Indo-Malay region, Africa south 
of the Sahara, and Central and South America; but 
it is not a little remarkable that they are unknown in 
Madagascar, although two species occur in the Sey- 
chelles. The members of the order mentioned in this 


work are as follows: 
FAMILY 
Cecilians—Ceciliide 
GENUS 1 
Ichthyophis 
SPEOIES 
MSIIANCHO GOOCHIAT. 36 ccdigv ss dep aeived cheneasuet Ichthyophis glutinosus 
GENUS 2 
Cecilia 
GENUS 3 
Gegenophis 
GENUS 4 
Siphonops 
GENUS 5 
Typhlonectes 
GENUS 6 
Chthonerpetum 
GENUS 7 
Herpele 


Coecilians may be divided into two main groups, accord- 
ing to the presence or absence of scales in the skin ; two 
of the best-known representatives of the group in which 


is from Southern India, Siphonops from Tropical 
America, and Typhlonectes and Chthonerpetum from 
South America. 


Special interest attaches to the geographical dis- 
tribution of the genus Herpele, which is represented 
in India, Panama, and West Africa ; such a distribution, 
in the case of a worm-like burrowing group, appearing 
altogether inexplicable on the theory that continents 
and ocean-basins are permanent, or, indeed, anything 
like permanent. On the other hand, the distribution 
of Herpele, together with that of certain sublittoral 
hermit-crabs, which is curiously similar, affords strong 
support to the now generally accepted view that India 
and Africa were connected by land at a comparatively 
recent epoch of the earth’s history. 

These instances also add one more link to the 
chain of zoological evidence which points to a former 
land-connection between Africa and South America 
across the Atlantic. The Indo-African connection 
would explain the presence of ceecilians in 
the Seychelles as well as the absence of the above- 
mentioned littoral hermit-crabs from the east coast of 
Africa. The only alternative view to the Transtalantic 
connection between West Africa and America (apart 
from one by way of the Pacific) would be that these 
salamanders travelled from a common ~ northern 
home down the Eastern and Western Hemispheres, 
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ORDER LABYRINTHODONTIA 
PRIMEVAL SALAMANDERS 


“THE remaining amphibians are extinct, and form an 

order characteristic of the upper Palaeozoic and Triassic 
periods. They derive their name of labyrinthodonts from 
the complex structure of the teeth of the higher forms, 
these displaying a peculiar pattern, caused by in- 
foldings of the outer layer, which penetrate nearly to 
the centre of the crown in festooned lines. Most of 
these amphibians have the general form of a salamander, 
with the front limbs shorter than the hind pair, the 
latter having always five toes, although in the former 
the number may be reduced to two. 

The most characteristic feature of the group is, 
however, to be found in the structure of the skull, in 
which the bones are generally covered with a pitted 
or radiated sculpture, somewhat 
similar to that of crocodiles. 
From the figure of the skull of the 
mastodonsaur, On page 1672, it 
will be seen that the whole of the 
upper surface behind the sockets 
of the eyes is covered by a com- 
plete bony roof, extending con- 
tinuously from the bone marked 
P, which immediately covers the 
brain-cavity, to the sides of the , 
hinder part of the jaws (Q/), ™ 
whereas in all the modern sala- 
manders this region is more or 
less open. 

This roofed skull of the primeval 
salamanders, from which they 
take their alternative scientific 
title of Stegocephalia, presents 
an approximation to the earlier 
fishes; and a resemblance to that group is also shown 
by the paired supraoccipital bones-(SOc), which in all 
the higher vertebrates are fused together. Nearly all 
these salamanders are further distinguished by having 
the chest protected by three sculptured bony plates, 
one of which is central, while the other two are lateral, 
the position of these plates being shown in the figures 
of the skeleton, where they are seen on the lower 
surface ‘of the body, immediately behind the head, 
underlying the backbone and ribs. Besides this 
armour, some species had the whole of the under 
surface of the body protected by a series of bony scales, 
arranged in a chevron-pattern, and in a few instances 
similar scales also invested the upper surface of the 
body. 

The majority of the members of the order had the 
vertebree of the backbone in the form of simple doubly- 
cupped discs, similar to those of fishes ; but in some of 
the more primitive types each vertebra (page 1672) con- 
sists of four distinct pieces—namely, a single basal piece 
(2), a pair of lateral pieces (p/), and a single arch and spine 
(s). Among certain reptiles the basal piece remains 
between two adjacent vertebre as the intercentrum, 
but in the higher forms the other elements coalesce. 
Since a similar type of vertebra occurs in certain 
extinct fishes, this structure presents another bond of 
union between the latter and the primeval salamanders. 

Brief reference must also be made to the small 
aperture in the roof of the skull of the primeval sala- 
manders in the bone marked P, since this corresponds 
to one in the skull of the tuatera of New Zealand. In 
that reptile, as stated on page 1500, the aperture 
overlies the rudiment of an eye sunk deep down in the 
brain and now totally useless, but probably functional 


SKELETONS OF PRIMEVAL SALAMANDERS 
A, Protriton; B, Pelosaurus 


in the tuatera’s ancestors. The large size of the 
aperture in the primeval salamanders suggests that 
the central eye may still have been capable of receiving 
impressions of light, although it may be necessary to 
go back to earlier forms before it was of any functional 
importance as an organ of vision. As in many existing 
amphibians, teeth frequently occur on the bones of 
the palate as well as in the margins of the jaws. , 

Another feature of the skulls of many members of the 
order is the presence of what are called mucous canals in 
the bones of the upper surface, as is shown in the figure 
of the skull of Muastodonsaurus on page 1672, these 
canals also occurring in certain fishes. In connection 
with these head-canals, it may be mentioned that of 
the five groups into which the 
labyrinthodont amphibians are 
divided, a lateral-line system, cor- 
responding to that of fishes, is 
found in all except the Aistopoda. 
As a rule, the system presents 
itself in the form of the mucous 
channels of grooves constituting 
the “‘lyra” on the skulls of the 
typical labyrinthodonts, the 
smoothness of the bottom of these 
canals, which is most developed 
in the Stereospondyli, being ap- 
parently a feature distinctive 
either of age in the individual or 
of specialisation in the group. 

While these canals differ in some 
degree from the slime-canals of 
certain fishes, such as the bow-fin 
(Amia), yet a certain degree of 
homology between the two types of structure can be 
traced. For these canals on the labyrinthodont skull 
definite names have been proposed. In the branchio- 
saurian group the head-canals are lacking, and their 
place taken by a true “ lateral line” on each side of the 
tail, similar to that of the modern salamander Necturus. 
An important result of recent investigation is the deter- 
mination that the bone originally termed the squamosal 
in the labyrinthodont skull is really that element, and not, 
as 1t has been attempted to prove, the supratemporal. 
So far as can be ascertained, both external and internal 
gills generally disappeared in the adults. 

Labyrinthodonts have been classified as follows : 

(1) Branchiosauria, or Lepospondyli, represented by 
the tiny Permian Branchiosuurus, or Protriton, Melano- 
triton, and Mucrerpetum, in which the vertebrze form 
sheaths to the notochord, the ribs are short, thick, 
and straight, and there are four front toes, in which 
the number of joints is 3, 3, 4, 3. In these and most 
other respects the Branchiosauria resemble newts and 
salamanders, to which they are perhaps ancestral. 

(2) Microsauria, represented by the Carboniferous 
Hylonomus and the Permian Hyloplesion, in which the 
ribs are long, slender, and curved, and there are five 
front toes. This group probably includes the ancestors 
of the Rhynchocephalia, and thus of other orders of 
reptiles. 

(3) Aistopoda, characterised by the snake-like form, 
and represented by several Permian genera. 

(4) Stereospondyh, or Labyrinthodontia Vera, in which 
the vertebre are fully ossified and the dentine of the 
teeth is usually thrown into complex foldings, radiating 
from and including prolongations of the puip-cavity. 
Most of the genera, like Mastodonsaurus (of which the 
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type species is as large as a crocodile), Tvematosaurus, 
and Jthytidosteus, are Triassic, but Lovomma is Car- 
boniferous. This group probably gave rise to the 
anomodont reptiles. 

(5) Temnospondyli, or Archegosauria, including 
Archegosaurus of Europe, Gondwanosaurus of India, 
and Evyops of North America, in which cach vertebra 
is of the above-mentioned rhachitomous type, con- 
sisting of four pieces — 


two lateral, one su- 
perior, and one in- [RS 
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teresting order, laby- \\ - 
rinthodonts should be 
split up into two dis- 
tinct groups—namely, 
the Branchiosauria of 
the Carboniferous and 
Permian, on the one 
hand, and a_ second 
group, embracing the 
Microsauria, Aistopoda, 
and the typical Laby- 
rinthodontia and Arche- 
gosauria on the other. 
The first group is re- 
garded as representing 
the ancestral stock of 
the modern tailed amphibians, whereas the second is 
closely related to reptiles, and should perhaps be 
included in that class. 

From the Microsauria, in which the ribs are long and 
curved, the Branchiosauria differ by their short ribs, 
which articulate with the transverse processes of the 
vertebrae. They agree, in fact, with the modern Am- 
phibia Caudata in their short, straight ribs, the stout 
transverse processes arising from the bodies of the 
vertebre, practically in the number of the presacral 
vertebrae, as well as in the structure of the skull and 
pectoral and pelvic girdles, in the number of the toes 
(four in front and five behind) and of 
their component segments, as well as 
in the structure of the long bones, the 
shape of the body, and the existence 
of a lateral-line system. In skull- 
characters, as well as in the shoulder- 
girdle, the modern tailed amphibians 
exhibit marked signs of degeneration, 
and they may accordingly be regarded 
as degenerate derivatives of the 
Branchiosauria. Similarly, the Aisto- 
poda are provisionally regarded by 
Dr. Moodie as a degenerate branch of 
the Microsauria. 

Labyrinthodonts appear to have 
been spread over nearly the whole 
globe. The true labyrinthodonts, 
typically represented by the gigantic 
Mastodonsaurus and the somewhat smaller Metoposaurus 
of the Trias, were crocodile-like animals, generally with 
disc-like vertebra in the adult, the teeth more or less 
plicated,and the surface of the skull marked with sculpture 
and mucous canals. In the Permian Archegosaurus the 
vertebre, as already mentioned, were of the complex 
primitive type. The gilled labyrinthodonts, or Micro- 
sauria, are a group of much smaller forms, characterised 
by their barrel-shaped vertebra, pierced by a remnant 
of the canal of the primitive notochord, short and 
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SOc. supraoccipital ; Hp, epiotic; P, parietal; Sg, squamosal ; S7, supratemporal; Q/, 
quadratojugal; /u, jugal; P¢, postfrontal; P¢O, postorbital; 4%, frontal; Pr, pre- 
frontal; Z, lachrymal; Va, nasal; J/2, maxilla. 


TWO VERTEBRZ OF A PRIMEVAL 
SALAMANDER 
rs, anterior end ; ffs, posterior end 


straight ribs, articulating by a single head,. simple 
jeeth, and the absence of ossification in the occipital 
region of the skull, as well as in the wrist and ankle 
toints, a further point of distinction being the develop- 
ment of internal gills in the young. 

The Permian and Carboniferous snake-like labyrin- 
thodonts, Aistopoda, are characterised by the snake- 
like form of the body and the apparent absence of 
limbs. The vertebre 
were elongated and 
without spines, while 
the ribs were slender 
and barbed like those 
of fishes, and the teeth 
smooth and_ simple. 
Probably external gills 
persisted throughout 
life. In Britain the 
group is represented by 
the small Dolichosoma, 
but Paleosiven of 
Bohemia is estimated 
to have been over forty 
feet long. 

The Microsauria in- 
clude small lizard-like 
forms, such as Cerater- 
petum and Hylonomus 
from the Carboniferous 
of Europe. and Nova 
Scotia, which appear 
more highly organised 
than the preceding, and 
thus connect the amphibians with the tuatera. Their 
vertebre are long and constricted, with traces of the 
notochord; the ribs are generally long, curved, and 
two-headed ; the teeth have large central pulp-cavities, 
but no plications; the occiput is ossified, but the wrist 
and ankle are either ossified or cartilaginous, and in 
some cases the back is covered with bony scales. In 
several forms the bony scales on the under surface are 
so slender as to assume the appearance of abdominal 
ribs like those of the tuatera. 

As regards the relationship of the amphibians to the 
lower vertebrates, Mr. W. I. Kellicott, at the con- 
clusion of a memoir on the develop- 
ment of the vascular and respiratory 
systems of the Australian lung-fish 
(Ceratodus fosteri), remarks that “it 
is impossible to believe that the 
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amphibian resemblances seen in 
Ceratodus in the development of the 
vascular, respiratory, and urino- 


genital systems, as well as throughout 
the earlier processes of development, 
are in the nature of parallelisms. In 
the light of their embryology it is 
impossible to believe that the Dipnoi 
and the Amphibia are not closely 
related, and that they have not 
travelled for a time along the same 
path at some period during their 
history.” If this view is to be ac- 
cepted, the early lung-fishes must apparently be 
regarded as the direct ancestors of the primeval 
salamanders.. A further inference would seem to be 
that the gills of modern salamanders are directly in- 
herited from fishes, and not, as has been suggested by 
some naturalists, a new and independent development. 

It is very remarkable that in certain branchio- 
saurians (Eumicrerpetum) from the Carboniferous of 
Illinois the greater part of the intestine has begn 
preserved in a petrified state, : 
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HOW LIFE STEPPED ASHORE 
BY SIR: H. H; JOHNSTON 


HAT which we call life, which starts with animated 
protoplasm and proceeds in time from complex to 
more complex forms of conjoined and differentiated cells, 
was most probably born in the water, and of course, 
with its present potentialities, is absolutely dependent 
on water for its existence. But whether it came into 
being in the uttermost depths of the ocean—if, 
indeed, at that day, there were deep oceans on the 
earth’s surface—or whether it was generated and 
evolved in shallow water, is not yet determined by our 
finite knowledge. The generally-accepted theory is 
that living matter originated in the ooze or in shallow 
water, thence sending a few specialised forms to inhabit 
the ocean depths, and thence ever and again crawling 
up on to the shore, endeavouring to have done with the 
water, to inhale the life-stimulating atmospheric air 
directly, and to conquer the land for its own. Indeed, 
a fanciful person might almost see a progressive 
movement from the water to the land, to the air, and 
at last, eventually, the ether of the universe. 

Already there are types of men and other mammals, 
and of birds, which cannot live well or healthily at low 
altitudes, but flourish most when breathing the more 
rarefied atmosphere of high mountains, or, at any rate, 
of elevated tablelands. In the course of our human 
history the races of the hills have again and again 
conquered peoples of the plains, and themselves been 
conquered in turn by fresh vigorous peoples generated 
on the heights. 

Living beings—on this planet—require oxygen and 
other atmospheric gases to maintain their vital activities. 
The earliest forms of life, and many of their descendants 
at the present day, obtain the oxygen they need from 
the water, but far back in the Primary epoch, many a 
founder of orders and classes was possessed by an 
impulse to get out of the water, at any rate for a short 
time, and to oxygenate its blood directly from the air. 
In this way sea-worms became land-worms, even 
earth-worms which drown in water. Sea-gasteropods 
became land - snails; wormlike, aquatic arthropods 
developed into air-breathing, flying insects; from 
water-dwelling, isopod crustaceans were evolved terres- 
trial wood-lice ; and from the marine king-crabs emerged 
the land-dwelling scor- 
pions, and, insubsequent 
descent, the spiders and 
ticks. 

In the same way sea- 
weeds and still more 
primitive vegetable 
organisms left the water 
to grow on the land and 
to become fungi, mosses, 
ferns, mare’s-tails, 
palms, lilies, conifers, and the vast range of the dicoty- 
ledonous flowering trees and plants. 

And among the early forests of—how far back shall 
we say ?—-eighteen, twenty million years ago ?—before 
flowers were invented by Nature, there crawled 
centipedes and millipedes, worms and leeches, and 
there flew cockroaches and earwigs, termites and 
primitive beetles, stick-insects, dragon-flies—some of 
them two feet long—moths, and bugs. 

That was the heyday of the insect class, the Car- 
boniferous ages of the Primary epoch. ; 

So many references are made in this article to the 
Primary, or, as some people call it, the Palzeozoic, 
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epoch that some concise information as to its distance 
in time and its (arbitrary) divisions might be helpful 
tothereader. It was preceded by the Archean epoch, 
or youth of the earth, in which, so far as we know, no 
life—or, at any rate, no complex forms of living 
matter—existed ; unless it were in the vast ages of 
the Laurentain period, which some separate from the 
Archean ages of unstratified rocks, and reckon as 
the beginning of the vast primary division of life- 
history. 

It has been roughly estimated—by calculating the 
depth of strata and guessing at the time it would 
take to form them from sedimentary deposits—that 
the Primary epoch, including the Laurentian period, 
may have lasted for some forty-two millions of years ; 
whereas to the Secondary epoch, which succeeded it, 
are assigned only about nine millions, to the Tertiaries 
less than three millions, and to the Quaternary, or 
present age—since the beginning of the Pleistocene, 
or Cold, period—about four hundred thousand years. 

After the vaguely vast Laurentian era (at a guess 
a duration of 18,000,000 years), the different phases 
or periods of the Primary epoch are in order of remote- 
ness: (1) the Cambrian, (2) the Silurian,’ (3) the Devon- 
ian, (4) the Carboniferous, and (5) the Permian. The old 
Red Sandstone is Devonian, the New Red Sandstone 
Permian and Triassic. As early as the Cambrian there 
were crustacea, and possibly the lowest types of starfish, 
worms, and molluscs. In the Silurian age the first 
vertebrates came into existence, those recorded out 
of a million vanished types being seemingly allied to 
lampreys, or of an unclassified heavily-armoured type 
with, in some cases, a single pair of front limbs— 
intermediate between the lamprey and the fish. 

In the Devonian period true flying insects seem to 
have made their appearance, and this age is likewise 
noteworthy for the definite establishment of true 
fish (ganoids) and of a land vegetation of ferns and 
calamites. The insects became prominent as land- 


animals—and the first creatures to fly—in the Carboni- 
ferous age, and the spiders were also in existence then, 
having been preceded by the scorpions as far back as 
the Silurian times. 


It was also in the Carboniferous 
age that land-verte- 
brates — amphibians — 
are first recorded in the 
rocks. This, most of all, 
was the time when the 
four-limbed fishes crept 
on shore and took on 
the semblance of a new 
class; though Huxley 
thought this great 
event might have 
occurred even in the preceding Devonian period. 

The earliest reptiles emerged from the amphibian 
type in the beginning of the last term of the Primary 
epoch—the Permian age; and before that age was 
finished the first mammalian forms, and possibly the 
first birds, had come into being from reptilian ancestors. 

But already in the sea, towards the close of the 
Cambrian period, fresh developments had been taking 
place. Some other branch of the ‘‘ worm idea’”’ had 
developed a continuous chord of nerve-matter extending 
throughout the length of the ringed body—those 
annelid rings or segments of which there are still 
traces even in the human organism, perhaps in the 
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separate vertebre, the segments of bone which grow 


up to protect the spinal cord. 


The worm type became an ascidian, and from this 
group emerged creatures like the headless, eyeless, 
limbless amphioxus, with a notochord—forerunner 
of the vertebree extending the whole length of the 
These represent 
the class of the Cephalochordata, and from these 
most primitive vertebrates arose the fishes, repre- 
sented imperfectly at first by the lampreys. 


animal from snout to tail-tip. 


class or subclass (Cyclostomata) has 
a head and a cartilaginous skull, a 
pair of well-developed eyes, but no 
biting jaws, merely a round, buccal 
funnel. 

From something lke the lampreys 
evolved the first true fish, quite 
small animals, so far as we may 
judge by their fossil remains, only 
one to seven inches long, and obliged, 
like their crustacean contemporaries, 
to devise as soon as possible an 
armour which would shield their 
toothsome bodies from being devoured 
by more powerful, better organised 
invertebrates. 

But Nature had once again hit on 
an excellent idea in this development 
of backboned animals. The fishes 
of the Silurian period throve and 
increased vastly in numbers, size, and 
elaboration of development. This 
stage is represented very imperfectly 
by fossil forms classified as the 
Ostracodermi, Antiarchi, and Arthro- 
dira, remarkable for the heavy armour 
of the fore part of the body, the 
typical fish-like tail, but not clearly 
provided with two pairs 


But in one example (Ptevichthys 
of the Arthrodira) there were long 
front flippers very. like those of 
a turtle. 

In the late Silurian and early 
Devonian periods the ganoid fishes 
are well established, with their 
scale armour, their two pairs of 
lateral fins, and accessory fin-fringe 
along the back and tail. From this 
well - developed yet generalised 
group arose by divergence all the 
other types of true fish, from the 
Carboniferous period onwards to 
the present day; but so far as the 
progress towards a land life was 
concerned, carrying with it the 
germ of Man, the classification of 
ancient and modern fishes might 
be thus stated. From this ganoid 
basal order arose the sharks and 
rays (Elasmobranchii), with a carti- 
laginous skeleton, but with several 
features in their internal anatomy 
and limb-structure which suggest 
the foreshadowing of the amphi- 
bian. Then came the Dipnoi (or 
Dipneusti), or ‘‘ double-breathing ”’ 
fishes, which developed both lungs 


as well as gills for oxygenating their blood, and lastly 
the great group of Teleostomi, or “‘ perfect-mouthed ” 
These, again, in later ages specialised into two 
main divisions—those with fringed fins (Crossopterygit), 


fishes. 


of lateral 
thoughj in one or more the median anal fin is present. 


the fins, 


This 


FORE OR PECTORAL FIN, OF 


LIMB, 


PLEURACANTHUS 
A generalised fish of the lower Permian forma- 
tions. This fin is on the biserial plan: s, rudimen- 
tary scapula; coz, beginning of coracoid process ; 
eZand s¢, rudimentary clavicle and sternum 


fins or limbs,  ferous. 


OR PELVIC FIN, OF 
PLEURACANTHUS 


This fin is on the uniserial plan, showing rudimentary 
pelvis, and possible rudimentary femur 


HIND LIMB, 


—the Polypteri 
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This might very well hs 
genus from whose subsequent variations were derived 


and those with fins arranged like fans, Actinopterygii ; 
as to the structure of which reference 1s 
made, being the two pairs of lateral fins. 

The Crossopterygii have remained through some 
eighteen millions of years very like the original 
parent ganoid group of the Primary epoch, and 
are most important creatures to the biologist, as 
they stand nearest of all living fishes to the 
parent forms of the amphibians. tir 
terygii, or fan-finned fishes, are again subdivided 


The Actinop- 


into the Chondrostei (sturgeons and 
their allies), the Holostei (bow-fins, 
bony pikes and their allies), and 
finally the order of the Teleostei. 
This last-named single order includes 
the great majority of living fishes, 
which would be described in French 
as ‘‘all that there is of most fish.” 
It is from them that the deep-sea 
fishes are derived; also the most 
typical, fishes, and fishes of the 
most amazing beauty and of the 
highest intelligence and completest 
specialisation for marine life. But 
their interest to the biologist who 
specially devotes himself to the 
study of the Tree of Life is merely 
secondary, for the Teleostei have 
nothing to do whatever with the 
evolution of the land-vertebrates. 
Paleontological research has as yet 
not put its finger on the actual fish 
ancestor of the amphibian, of the 
first vertebral type which deliberately 
left the water to take up a land 
life. The nearest in structure to 
such a form is perhaps the Pleura- 
canthus fish of thalower Carboni- 
represented the 


the parent forms of the sharks, the 
dipnoi, and the crossopterygians, 
from which, in turn, would be 
derived the other orders of the sub- 
class Teleostomi. 

Indeed, it is interesting to note 
that, so far as research has been 
able to carry us in our survey of 
the past, the further we go back 
into fish-forms up to the limit of 
the late Devonian or early Carboni- 
ferous, the nearer we get to sug- 
gestions of affinity with the amphi- 
bians ; and this line of research is 
assisted by the continued existence 
down to the present day of dipnoan 
and crossopterygian fishes, the in- 
ternal anatomy of which is pro- 
bably as little changed from Car- 
boniferous times as is the skeleton. 

From the evidence of the rocks, 
we may imagine that many ganoid 
fishes of the middle Primary epoch 
frequented water that was shallow, 
and in time took to pursuing their 
insect or crustacean prey out of 
the water on to the sand or mud. 
Like many modern fishes, they 
must have become so dependent 


on access to the atmosphere that at last they could 
not live in deep water. Indeed, their direct descendants 


at the present day are fresh-water 


fishes in tropical rivers. 


HOW LIFE STEPPED ASHORE 


So soon as these fishes, in pursuit of their insect 
or crustacean food, began to rely more on progressing 
over the ground in shallow water or above water, 
than by movements through the water itself, they 
would naturally lay more and mote stress on the lateral 
fins on either side, which through this stress would 
develop into strong limbs with terminations adapted 
to gripping the ground, and upper bony parts so 
connected with the internal axis of the fish’s body as 
to exercise a sufficient leverage to drag or lift it over 
obstacles. 

At this stage in our inquiry as to how life stepped 
ashore, it may be as well to consider the origin and the 
types of fishes’ fins. It has been deduced from evidence 
collected that the original fish of the lamprey type was 
limbless, but soon began to develop a continuous 
fringe of membranous fin along the median ridge of the 
back, round the extremity of the tail, and along the 
under side of the tail as far as the 
vicinity of the anal orifice. When 
this failed to suffice for the creature’s 
movement through the water, it 
developed lateral flaps of skin and 
muscle—gradually strengthened by 
cartilaginous or bony rays—which 
acted as an additional swimming, 
undulating surface, much as we 
may see the same movements, dif- 
ferently derived, in the modern 
flat-fish. 

By degrees, in many forms, the 
median fin membrane along the back 
and round the tail broke up into 
separate fins, of which the repre- 
sentatives in ancient and modern 
fishes are the dorsal fins, the 
characteristic uw." at the end of the 
tail, and the a:..‘ifins, one or two 
in number. These dian fins must 
be carefully distinguished from the 
paired Jateval fins, which, in their 
turn, are specialised remnants of 
the continuous folds growing out 
on each side of the lower part of 
the body. The median’ fins are 
more ancient than the lateral paired 
limbs. They are the first to make 
their appearance in ancient fishes 
and in the embryos of modern 
fishes. They have disappeared 
completely from all land-vertebrates, 
but, without a bony skeleton, they 
have reappeared by adaptation in 
the great sea-reptiles (Ichthyosaurus) 
and the mammalian whales ; perhaps 
also in the armature of certain 
extinct reptiles. They are of little interest to us in our 
study of the development of the fish into an amphibian, 
as they have no homology with the limbs of vertebrates. 
But it is interesting to note that in this early type of 
perfect fish (Pleuracanthus) the skeleton of the two 
median anal fins bore an extraordinary resemblance 
to the bones of amphibian limbs and feet, so that when 
this type of fish began to perfect its paired fins to crawl 
over the land, it already possessed the idea of the 
formation of what is called an appendicular skeleton. 

It is to the tracing of the evolution of this limb 
skeleton from the truncated, muddled arrangement 
of the typical fish to the well-devised arms and legs 
of some salamander or reptile that the greatest interest 
and, at the same time, the greatest difficulties are 
attached in the process of reconstructing by imagina- 
tion the change of a fish into a land-vertebrate. It 


radius. 


THEORETICAL SKELETON OF FORE LIMB 
OF SOME EARLY TYPE OF AMPHIBIAN- 
REPTILE 
This creature would not be far removed from the 
fish-ancestors of the land-quadrupeds. 
cl, clavicle ; cor, coracoid; 4. humerus; zw, ulna: 7, 
1, Pre-pollex, or finger before thumb; 2, 
thumb ; 3, fore-finger, or second digit; 4, third digit ; 
5, fourth digit; 6, fifth digit, or little finger; 7, re- 
appears in six-fingered people, which, with 8, may 
have existed in the original fish-amphibian 


is easy to understand the transition of the air-bladder, 
beginning originally as a separate small intestine, 
into air-breathing lungs. We see that process accom- 
plished in the African mudfish (Pyrotopterus), and less 
perfectly in the other existing dipnoi. The tongue, 
which plays such an important part in the economy 
of amphibians, reptiles, birds, and mammals, is 
already sketched out in the sharks, the dipnoi, and the 
modern ganoids. In existing and in ancient fishes 
there is sufficient evidence to show how the nostrils, 
from being mere smelling-holes, gradually communi- 
cated by pervious channels with the palate, and later 
the throat. The formation of the land-vertebrate’s 
skull, biting jaws, and teeth, the rise in his blood 
temperature, his methods of breeding, even mammalian 


viviparity and milk-producing, his vocal organs 
(grunting, growling, clacking, whistling), are all 
adumbrated in living or in extinct fishes. But it is 


not at first sight easy to realise how 
the limbs of the land-vertebrate 
grew out of the paired fins of the 
fish. 

’ The plan of the fore limbs in any 
generalised type of land-vertebrate 
—such as man himself, in this 
respect —consists firstly of a pec- 
toral, or “ shoulder,” girdle, made 
up of a shoulder -blade, collar- 
bones, or clavicle, and a coracoid 


process: on either side; which, 
together with the two clavicles, 
unites the shoulder-blades with 


some median aggregation of bone, 
the sternum, or breast-bone. The 
parallel to the shoulder-girdle in 
regard to the hinder lmbs is the 
pelvic girdle, which is much more 
closely attached to the backbone. 
The pelvic girdle consists in its 
essence of the twin bones of the 
ilium—at the lower ends of which 
each thigh - bone is inserted—and 
the two ischial bones, which are a 
prolongation of each ilium and 
unite in front in the ventral median 
line to form the pubes. 

The shoulder-girdle is connected 
with the external front limbs by 
means of an arm-bone (humerus), 
which articulates with two parallel 
Lkones (radius and ulna), and these 
again, by means of the carpal bones 
with the metacarpals and the finger- 
bones. In the case of the legs the 
pelvic basin—as it becomes by the 
union of the iliac bones—articulates 
with the thigh-bone (femur), and this at its lower end 
with the twin tibia and fibula, and these, again, with 
the tarsal bones of the foot, which, with the meta- 
tarsals and toe-bones, complete the skeleton of the 
hinder limbs. 

Now, in the case of the most perfect fish known to us 
from the point of view of appendicular skeleton— 
and this is the Pleuvacanthus of eighteen to fifteen 
millions of years ago we find there is a curved shoulder- 
girdle, which apparently represents the scapula, clavicle, 
coracoid, and omosternum, fused more or less into a 
single bone. When allusion is made to “‘ bones”’ in these 
early fishes and amphibians, it must be more frequently 
understood as cartilage more or less calcified. Then 
follow two or more broad, short sections of bone, 
which may be the origin of the humerus, or arm-bone. 
These are succeeded downwards by twin bones, broad 


s, scapula ; 
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and narrow, which may well be the homologues of the 
radius and ulna. 

Then comes a closely compacted mass of small 
nodules, which may stand for the carpal bones, and these 
are prolonged into a single long finger, or phalange, 
consisting of thirteen or fourteen small bones tapering 
to a point. But from all the supposed carpal bones, 
much more on the tailward and lower edge, spring the 
skeletons of a great many fingers, seventeen on this 
hinder edge of the central phalange, and about eight on 
the headward and upper edge. The greater number 
of these fingers, which are tipped with long, flattened 
membranes, arises more from the bones of the long, 


extend the jointed fin-rays. The big phalange is not, 
as in the fore limb, more or less in the middle of the 
radiating fin, but situated at its front edge, as though 
it represented the first in a series of fingers, analogous, 
in fact, to the disproportionately developed big toe in 
the human foot. As the very numerous other fin-rays, 
or fingers, in this pelvic paddle arise, all of them, from 
the same hind and uppermost edge of the tarsal bones, 
this type of fin is called uniserial ; whereas the front 
fins of the same fish (Pleuracanthus) are called biserial, 
because they arise from both sides of the carpal bones. 

As the predilection for a shore life increased in some 
primitive ganoid or dipnoan fish, the appendicular 


CLARIAS PLATYCEPHALUS, A CAT-FISH WHICH REQUIRES CONSTANT ACCESS TO THE AIR 


central phalange than from what might be called 
the carpal bones at the lower end of the radius and ulna. 
Comparing it to man, it would be as though he had eight 
or nine fingers growing from the hinder edge of the 
lower arm and hand in continuation backwards from 
the little finger. 

As regards the hind limb of the Pleuvracanthus, 
though this has a more elaborate skeleton than in any 
other known fish, it is not so near as the fore limb is 
to the plan of the land-vertebrate. The pelvic girdle 
is represented by a large pear-shaped bone, which, 
however, lies well below the backbone and without 
any contact with it. Indeed, this is a marked feature 


PROTOPTERUS DOLLOI, 


in all known fishes, and in direct contradiction to the 
construction of land-vertebrates. The hinder of the 
two paired fins is rarely, if ever, as prominently de- 
veloped as the front Jimbs, and its pelvic girdle, if it 
exists, mever comes in contact with the spine. 

On the other hand, in the land-vertebrates, from 
the earliest onwards, the hinder limb is usually longer 
than the front limb, and is closely attached to the back- 
bone. In Plewvacanthus there is a broad, three-cornered 
bone which one might take to be the femur, and below 
this are possibly two square bones which might repre- 
sent the tibia and fibula. Then comes an interval of a 
single row of ‘“‘ metatarsal’? nodules, from which 


skeleton of the limbs must have finally resembled the 
rudiments of the amphibian-reptilian land-vertebrate’s 
arms and legs; and the very numerous terminal 
rows of radiating fin-bones were gradually reduced 
to the number of eight or seven, then six, and, finally, 
five at the extremity of each of the paired limbs. 

The paired fins of fishes, especially of ancient types, 
are, as already stated, classified as uniserial or biserial. 
Uniserial, if the bones of the fin-rays radiate from the 
hinder edge of the limb—somewhat like the quills in 
a bird’s wing—with the line of stress carried downwards 
along the forward-facing edge of the fin; biserial, if 
these metacarpal or metatarsal rays grow out from all 


THE LUNG-FISH OF CENTRAL AFRICA 


round the base of the external limb, with a long, central, 
jointed finger in the middle. This last “ biserial”’ 
condition is characteristic of the living lung-fish 
(Neoceratodus) of Australia. 

It is probable that the fish ancestors of the amphibians 
and reptiles conformed to the biserial type, with the 
stress carried down the middle of the limb’s extremity. 
At first the bones of the other fingers or toes may 
have radiated from this big central digit, but as the arm 
and leg bones lengthened, and the finny hands and 
feet shortened, so there was a tendency for the fingers 
and toes on either side of the central one to attach 
themselves rather to the carpal and tarsal bones than 
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POLYPTERUS ORNATIPINNIS, A MODERN GANOID FISH OF AFRICAN RIVERS 


to the sides of their big brother finger. And if this 
surmise is correct, that is why men—in common 
with the many other mammals that are equally 
primitive in their limb-bones—have the middle finger 
the longest. Had the fish ancestors of the amphibians 
leaned more to the uniserial type, it is probable that 
the stress would have lain along the line of the thumbs 
or big toes, the first digit of the series ; and the proof 
that they did not hes in the fact that in the majority 
of land-vertebrates, with a few marked and specialised 
exceptions, the first and the fifth digits are the shortest 
and the soonest lost in evolutionary development. 
But there are some marked exceptions which might 
be cited. Occasionally in reptiles and mammals all 
the five fingers and toes are of equal length. In the 
flying pterodactyls the fifth, or “little,” finger became 
elongated to an extraordinary degree, until it sustained 


feet of the human species the big (first) toe is becoming 
the longest and strongest of the digits. In the sea-lons, 
and some of the seals, the first and fifth digits are 
becoming longer and more important than the others. 

I have alluded to the early land-frequenting fishes 
having modified their fins into seven-fingered hands 
and feet. There are many good reasons for supposing 
that fishes may have stepped on shore with as large 
an assortment as this. These additions to the penta- 
dactyle system took the form of a pre-pollex or a 
pre-hallux—that is to say, a short finger coming 
before the thumb or before the big toe—and another 
digit beyond the fifth of our series. 

This outermost seventh finger or toe was very soon 
dropped in any known form of land-vertebrate, but 
although it may be eighteen million years since it was in 
being, the tendency for it to come back is not wholly lost, 
and it reappears in the hands and feet of six-fingered 


POLYPTERUS 


human beings. They are six-fingered (or toed) because: 
although they possess the seventh digit, they have not 
simultaneously developed a pre-pollex or pre-hallux. 
Cases—less common-—are known in man and other 
mammals, and still more so in reptiles, where the 
six-fingered condition is produced by the growth of the 
real first digit, the one which precedes the thumb or the 
big toe. In one, at least, of the beast-like reptiles— 
Theriodesmus, of the later Permian primaries—this 
“ pre-pollex ”’ seems to have been functional. 

Yet not only were the early land-frequenting amphi- 
bians restricted to five fingers and five toes, but the new 
class of which they became the type was strongly disposed 
to content itself with only four fingers on the hands, 
though it developed persistently five-toed feet. In 
only the earliest types of quadrupedal Amphibia are 
the five fingers present. Most of their contemporaries 
are not only reduced to four, but have not even that 


WEEKSII 
vestige of the thumb which is left in the frog order of 
the existing amphibians, among a few genera of 
which the remaining one or two nodules of bone, 
representing the lost first finger, are becoming so useful 
as to constitute an abortive, resuscitated thumb. 
Unless further discoveries are made, revealing the 
existence of numerous forms of five-fingered amphi- 
bians in the lower Carboniferous period of the Primary 
epoch, we are almost driven to conclude that Nature 
must have hurried through the amphibian stage in her 
preparations for the creation of man; and not only 
have rapidly evolved at the very beginning of the 
amphibian experiment a real five-fingered reptile, no 
longer having any connection with the water in the 
larval stage of its young, but also that she had scarcely 
finished turning out a reptile than she began to think 
of transforming it into a mammal. Once vertebrate 
life had stepped ashore and adapted itself to progression 


MASTACEMBELUS CONGICUS, A TELEOSTEAN RIVER-FISH WHICH WOULD DROWN IF DEPRIVED OF ACCESS TO THE AIR 
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on four limbs, evolution upwards towards more com- 
plex creatures clad in bony armour, in hair, and in 
feathers seems to have been rapid. 

The normal type of amphibian has not definitely 
parted with an aquatic existence ; it feels obliged to 
return to the water to deposit its eggs ; and its young, 
the tadpoles, lead a fish-like existence in fish-like form, 
and breathe by means of gills until they have reached 
a certain age, have developed lungs, and are ready to 
adopt a land life. But in some modern amphibians, 
such as tree-frogs, certain toads, and Caciliide— 
burrowing, limbless amphibians—the larval and aquatic 


stage in the development of the young is considerably 
abrogated, and the creature is ready to lead the terres- 
trial existence of its parents in a form scarcely differing 
from the adult. 

So we may imagine that not many thousands of 
a fish- 


years after the successful establishment of 
out-of-water as a gg 
predaceous animal § 
[like a huge sala- 
mander or newt, 
which pursued and 
devoured insects, 
andcrustaceans,and 
no doubt had terri- 
fic struggles with 
the two-feet-long 
dragon-flies], the 
amphibian - reptile 
began to lay its 
eggs in moist 
places, and to ex- 
pect its tadpoles to 
be born very lke 
itself when they 
issued from _ the 
egg and made ready 
to forage for their 
own living on land. 

But there have 
been other amphi- 
bians to whom in 
course of time the 
meaning of the Greek term, “‘ double-lived,’’ no longer 
applies, in that their far-back ancestors have recoiled 
from the more strenuous life of the land, and have 
returned altogether to the water. Of such are the 
giant salamander, the axolotl, proteus, siren, and 
newts ; and the spur-toed, tongueless frogs (Xenopus). 

The call back to the waters, owing to competition 
on land and the attraction of fish and crustacean dict, 


has also affected the reptile class very largely. There 
have been the great fish-lizards Ichthyosaurus, 
Plesiosaurus, Mososauvus, and extinct crocodilians, 


so* wholly aquatic in habit that they were probably 
no more able to exist on land than is a whale or a 
porpoise. Then, again, from out of the creodont 
Mammalia have evolved these very whales and por- 
poises, and the primitive ungulate order of the Sirenia : 
neither of which can ever quit the water completely, 
but ‘must pass an absolutely fish-like existence from 

1 to death, except that they are dependent on 
atmospheric air like the land vertebrates. 

On the other hand, the modern fishes of the Teleostomi 
subclass are not necessarily contented with the water, 
or devoid of ambitions to leave the water for the land, 
or unprovided with the means of locomotion over the 
ground. : 

Many fresh-water and even some marine fishes of 
the present day could be drowned by confining them 
below the surface of the water and preventing their 
direct access toatmospheric air. Of such are the genera 
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PERIOPHTHALMUS KOELREUTERI, A TELEOSTEAN FISH WHICH LIVES OUT 
OF WATER 


Mastacembelus, Ophiocephalus, Clarias (cat-fish), Anabas 
(climbing ‘‘ perch”), Misgurnus (the roach), Poyp- 
tevus (of the Nile and Congo), and, of course, the order 
of the Dipnot, or lung-fishes. ; 
As regards the development of limbs for pedestrian 
locomotion, several modern types of teleostean fish have 
independently modified their pectoral or even pelvic fins 
to serve this purpose. There are the angler-fishes 
(Lophius), which can walk along the sea-bottom on the 
tips of their pectoral fins, the gurnards (Tvigla), which 
have developed accessory “‘ fingers”’ in front of the 
anterior fins, making most effective legs for tripping 
over the submarine sands, and at the same time serving 
as feelers in search of prey. The eels glide like serpents 
at night-time over the cool grass from one pond or 
stream to another. 
A genus of the goby family, the jumping-fish 
(Periophthalmus). lives chiefly on the wet mud of 
= wea tropical rivers, 
estuaries, or coasts, 
and leaves the mud 
frequently to 
ascend the trunks 
or branches of 
trees in its search 
after insects. The 
pectoral fins of this 
fish have a super- 
ficial resemblance 
to the arms of land- 
vertebrates, with 
an actual elbow. 
The pelvic fins, 
however, join ex- 
ternally to form a 
kind of — sucker- 
pad immediately 
below the ‘‘ arms.” 
On this the Pert- 
ophthalmus rests, 
and from this it 
jumps. Its super- 
ficial resemblance 
to a frog about the 
head is very noticeable. Like causes produce like effects. 
The Periophthalmus only returns to the water for 
breeding purposes, or for temporary escape from an 
enemy. It may be observed to retain the lower part 
of the tail sometimes in the water, and it is thought 
that through the vascular surface of the tail-fins the 
downward-prolonged _air-bladder_ receives oxygen 
through the water. But anyone who has seen the 
jumping-fish, as I have, on the lower parts of the trees 
in the mangrove swamps of West Africa—looking very 
much like malformed salamanders—realises well what 
must have been the outward semblance of the adven- 
turous ganoid fishes of the Primary epoch when they 
stepped or hopped out of the water to try a life on shore. 
The climbing perch (Anabas scandens) of Ceylon, 
and several other fresh-water fishes of the Indian and 
Malay regions, such as the snakehead or Ophio- 
cephalus, crawl about over the sand, mud, or herbage, 
and can exist for days or weeks without submerging 
themselves in water. The snakehead, like the unre- 
lated lung-fish (Protopterus) of Africa, can live for 
months in mud that is merely damp. The Cuchia 
“eel” of India (Amphipnous) has small lung-like 
air-bladders, and lives almost as much out of the 
water, on the grass, as in the stream or pond. The 
allied Syvmbranchus, an eel-like fish of India and South 
America, has no air-bladder, but, nevertheless, lives 
nearly all its adult life out of water amid damp marsh 
vegetation. 
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CHARACTERISTICS AND CLASSIFICATION 


LTHOUGH lampreys and hags are popularly included 
among fishes, while until comparatively recently 
the lancelet was commonly placed in the same class, 
it now seems more correct to make these the repre- 
sentatives of distinct classes. The true fishes, as 
thus restricted, may be described as cold-blooded 
vertebrate animals, adapted toa purely aquatic life, 
and breathing almost invariably by means of gills 
alone. The heart generally consists of only two 
chief chambers (three in the 
lung-fishes) ; the limbs, if pre- 
sent, are fins; there are also 
unpaired median fins, supported 
by fin-rays; and, as in all higher 
classes, the mouth possesses dis- « 
tinct jaws. The skin may be 
naked, or provided with scales 
or bony plates. Asarule, fishes 
lay eggs, and the young do not 
undergo so revolutionary a 
metamorphosis as those of am- 
phibians. 
Although the bony fishes of 
the present day form a special- 
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corresponding very closely to that adopted for sub- 
marines as the result of mathematical calculation. It 
is the shape that reduces friction with the surrounding 
water to a minimum, this practical end being also 
furthered by the slimy nature of the skin, and the 
absence of projections calculated to hinder progress. 
There is often a departure from the typical 
shape in fishes which do not spend most of their 
time in actively swimming about. Eels, for ex- 
ample, are cylindrical in form, 
their long, narrow bodies en- 
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abling them to secure food that 
may be present in crannies, or 
to make their way through 
tangled masses of aquatic vege- 
tation. There are also many 
bottom fishes that lve on the 
sea-floor, and here the body is 
commonly flattened, either from 
above downwards, as in skates 
and rays, or from side to side, 
as in the ordinary flat-fishes, such 
as sole, turbot, or flounder. 
Globe-fishes, which inflate 
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to the two classes, it will be 
evident that fishes and amphi- ; 
bians are very closely allied groups, the latter of which 
has been directly derived from the former. Geologically, 
fishes are older than any of the classes hitherto des- 
cribed, their fossil remains occurring in strata belonging 
to the upper part of the Silurian division of the 
Paleozoic epoch. 

The structure of the skeleton, both external and 
internal, being of the utmost importance in the classifi- 
cation of fishes, it is essential that the attention of the 
reader should be more fully directed to this point than 
has been done in the case of the higher vertebrates. It 
should be first mentioned that fishes are divided into 
four subclasses—namely, the sharks and rays (Elasmo- 


branchii), the chimzroids (Holocephali), the end- 
mouthed fishes (Teleostomi), and the _ lung-fishes 
(Dipnoi). These may be further subdivided into orders 


as follows: 
SuBCLass 1 x 
Sharks and Rays—Elasmobranchii 
ORDER 1 


Primitive Sharks—Proselachii, or Pleuropterygii (extinct) 
ORDER 2 
Fringe-finned Sharks—Pleuracanthodii, or Ichthyotomi (extinct) 
ORDER 3 
Spiny Sharks—Acanthodii (extinct) 


ORDER 4 
True Sharks and Rays—Selachii 
SUBCLASS 2 
Chimzeroids—Holocephali 
SUBCLASS 3 : 
End-mouthed Fishes—Teleostomi 
ORDER I 


Lobe-finned Ganoids—Stylopterygii, or Crossopterygit 

ORDER 2 ‘ 

. at-fi janoids—Astylopterygii 

Banchunecdiisheses { Plat finned Ganoids—Astylopterygi 
i ORDER 3 


petlncp et a Wave aeet Bony Fishes—Teleostei 
SUBCLASS 4 
Lung-fishes—Dipnoi 


The shape of a typical fish represents a more or less 
perfect adaptation to rapid movement in water, as may 
be seen by examining a mackerel, herring, or perch. 
Here the form may be described as a rounded wedge, 


b, left lateral ; c, dorsal; @, left pectoral; e, left pelvic; 7, anal ; 
and g, caudal fins 


contours, and the little sea- 
horses, that live attached to 
seaweeds by their curly tails, deviate greatly from the 
typical shape. The long axis of the body is kept 
vertical, and the head, instead of being in the same 
line with it, as usual in fishes, has been bent down 
into a horizontal position, an obvious convenience 
under the circumstances. Other instances of fishes 
which deviate from the normal type will be found in 
the sequel. 

The fins are flat expansions of the body-wall which 
have to do with balancing, steering, and swimming. 
They are of two kinds, (a) unpaired, in the median 
plane, and (b) paired, the former having been evolved 
before the latter. The unpaired fins were at first in 
the form of an expansion on the upper side of the body, 
which continued round the tail and then extended some 
distance forwards on the under surface. Such a 
continuous fin is suitable enough for a fish moving 
slowly along by wave-like lateral movements of the 
body, and is exemplified at the present day by eels, 
which have reverted to the old-fashioned method of 
progression. 

But with increased rapidity it has proved advanta- 
geous for parts of the originally continuous fin to dis- 
appear, the remnants enlarging and acquiring a firmer 
skeleton. These remnants have become the dorsal, 
caudal, and anal fins of such a fish as the perch. The 
first and last of these are chiefly useful as balancers, 
but the caudal, or tail, fin has become a powerful 
propeller. It originally formed a continuous and 
symmetrical fringe (diphycercal tail, see page 1685), but 
in sharks and sturgeons became greatly enlarged, the 
backbone being bent up into the bigger upper lobe 
(heterocercal tail, see page 1700). Such a tail-fin gives 
a downward bias when swimming is unsteered, and its 
possessors seek most of their food at or near the sea-floor. 

With increased swimming powers, the tail ultimately 
became outwardly symmetrical in shape (homocercal), 
the continuation of the backbone into the upper lobe 
shrivelling up, and the lower lobe becoming of larger 
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size. Such a propeller—the most efficient so far 
evolved—enables unsteered swimming to be straight 
ahead. In flying-fishes we find a curious reversal of 
the old state of things, for here the lower lobe is the 
larger, on which account unsteered swimming is in an 
upward direction, an obvious advantage when we 
remember that these fishes often escape from their 
enemies by gliding into the air. 

There are two kinds of paired fins, the pectoral in 
front and the pelvic behind, corresponding to the fore 
and hind limbs of land-vertebrates. The 
first stage in the evolution of these would 
appear to have consisted in the develop- 
ment of a continuous lateral fin on either 
side, serving to prevent the body from 
falling over to right or left. By suppres- 
sion of the middle parts of these fins, and 
the enlargement of their front and back 
ends, pectoral and pelvic fins came into 
existence, serving at first simply as 
balancers. Later on they acquired the 
power of independent movement, and thus 
were able to steer as well as balance the 
body. To begin with, they were lobate, possessing a 
thick central part supported by firm gristly pieces, and 
a thinner marginal fringe strengthened by horny epi- 
dermal fin-rays. The final stage in their evolution is 
seen in ordinary bony fishes, where the thick central 
part has sunk, as it were, into the body, and the fringe 
has become a sort of readily movable fan (page 1682). 
Thus, in the brief outline of classification given above, 
“ fringe-finned ’’ applies to the earlier and more primi- 
tive condition; ‘“‘fan-finned’’ to the later and more 
specialised one. 

The large majority of fishes possess an external 
skeleton made up of scales, or plates, and here, too, 
belong the fin-rays, so far as these are bony or horny 
—e.g., those of the fish represented in the figure on 
the next page. The most primitive scales are those 
characteristic of sharks and rays, to which the term 
“placoid’” is often applied. The rough surface of 
shagreen, or shark-leather, used for polishing and also 
for ornamental purposes, owes its peculiar character 
to the presence of innumerable minute scales of this 
kind. 

It is interesting to note that a placoid scale resembles 
a tooth in structure, consisting of true bone covered 
by ivory or dentine at the base, while the projecting part 
is invested by a hard layer of enamel. 
The first two kinds of substance are 
formed in the dermis, or deep part 
of the skin, while the enamel is of 
epidermal origin. Scales of this kind 
may be either regularly or irregularly 
arranged, and may either terminate 
in a sharp spine or a rounded knob. 

In some of the older types of fishes, 
a very complete armour of rhom- 
boidal bony plates, covered by a 
harder substance (ganoin) is de- 
veloped in the dermis. They con- - 
stitute a fairly flexible, but rather cumbrous, armour, 
the firmness of which is increased by an arrangement 
of pegs and sockets. Plates of this kind are often 
known as “ ganoid scales.’’ 

In typical bony fishes (Te/eoste?), such as cod, perch, 
salmon, and so forth, the strong armour of more 
primitive forms has been discarded in favour of thin 
horny scales, the hinder parts of which overlap the 
scales behind them. Thes2, again, are purely dermal 
structures, and exhibit lines of growth. A distinction 
is here drawn between “cycloid’’ and “ ctenoid ” 
scales, the latter being distinguished by their toothed 
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A, placoid; B, ganoid; c, cycloid ; 
b, ctenoid 


posterior edges. Thin horny scales of the kind described 
afford a certain amount of protection, while at the 
same time they do not stand in the way of rapid 
locomotion. It is a matter of importance to be able to 
determine the age of food-fishes, especially in their 
earlier years, and recent work renders it probable that 
an approximate estimate can be formed, at least in 
some species, by examination of the thin scales. 
Besides the fine concentric lines that can be seen upon 
these, there are also rather more distinct ‘‘ rings,” each 
of which would appear to correspond to a 
year’s growth. 

The scales of ordinary bony fishes may 
be degenerate, or even absent, while in 
some instances they are replaced by a 
firm armour, as in the _ coffer-fish 
(Ostracion). 

The fin-rays, to which allusion has been 
made above, are chiefly useful as supports 
to the fins, but some of them may be 
transformed into protective spines, which 
in certain cases are poisonous. The 
earliest fish-remains so far known largely 
consist of skin defences of the kind which, together 
with teeth, are of extreme durability, and lend them- 
selves to preservation in the fossil state. 

Before proceeding to consider the internal skeleton, 
it is necessary to make a preliminary statement about 


“the breathing organs of fishes, as without some knowledge 


GILL-CLEFTS AND ARCHES OF FISH 
a, spiracle ; 2, dorsal fin; ¢, gill-clefts ; @, pectoral 
fin 


of these the structure of part of the internal skeleton 
will be unintelligible. 

Throughout life, fishes breathe in the way which was 
evolved in the earliest vertebrates—7.e., by taking 
water in at the mouth and causing it to pass to the 
exterior again through slits or clefts on either side of 
the region immediately behind the head. Asa general 
rule, there are five pairs of these gill-clefts, but two 
existing sharks possess six and seven pairs respectively. 
The partitions between such clefts are known as gill- 
arches, and these are supported by parts of the internal 
skeleton. In sharks and rays we find a small hole, the 
spiracle, in front of the first gill-cleft, and there is every 
reason to believe that it was once a fully-developed cleft 
of the same kind. 

The arch between the spiracle and the first gill-cleft 
is called the hyoid arch, and the hard parts supporting 
it make up the hyoid part of the internal skeleton. In 
front of the spiracle again is the opening of the mouth, 
and it has been suggested that this is 
really a pair ot gill-slits that have 
fused together. However that may 
be, the arch between it and the spiracle 
is known as the mandibular arch, and 
the hard parts by which it is supported 
ultimately become the framework of 
the jaws. It is usual to speak collec- 
tively of the mandibular, hyoid, and 
gill-arches as the visceral arches, and 
the slits between them as the visceral 
clefts, thus getting over the obvious 
difficulty of using the terms gill-arch 
and gill-cleft for parts which may now have no 
gills connected with them, whatever may have once 
been the case. The backbone is divisible only into trunk 
and caudal sections. In the fringe-finned ganoid fishes 
the primitive notochord persists, although it may be 
partly surrounded by rudimentary arches; while in 
sharks and higher bony fishes the column is divided into 
segments, forming vertebre with doubly-cupped bodies. 
In sharks and rays the arches and bodies of the vertebrae 
remain separate, but in the other groups are fused. 
together ; in the tail there is also an inferior arch andy 
spine to each vertebra. ’ 
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Although the characters of the skull have been 
largely employed in classifying fishes, it is in many cases 
of so extremely complicated a nature that no useful 
purpose would here be served by attempting a detailed 
description, and only such general features will be dealt 
with. as can be easily explained. The simplest case 
with which to make a start is that of a shark or dog-fish, 
where the entire skeleton is composed of gristle and 
fibrous tissue. We can distinguish here between the skull 
proper and the firm supports of the visceral arches 
(page 1687), on this account termed the visceral skeleton. 

The skull proper consists of a gristly brain-case 
of capsules in which the organs of smell are contained, 
and of denser capsules in which are lodged the essential 
organs of hearing. Between the olfactory and auditory 
capsule on either side is a sort of excavation, the 
orbit, in which the eyeballis situated. As a certain 
amount of movement is necessary for this it has not 


fused with the brain-case like the other sense-capsules. 


In order that the part of the digestive tube (pharynx) 
perforated by the visceral clefts may be prevented from 
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that support the gill-arches, become an elaborate jointed 
framework supporting the pharynx, keeping this well 
expanded, and affording attachment to muscles effecting 
the movements of breathing. 

On coming to bony fishes we find that the primitive 
gristly skull and visceral skeleton are partly replaced 
by distinct bones (cartilage bones), and partly covered 
by other bones (membrane bones) developed in the 
investing membranes, and apparently evolved from plates 
that originally belonged to the external skeleton, but 
which have sunk inwards and been grafted on the skull. 

In the earlier stages the unpaired and paired fins 
appear to have evolved on similar lines, but the former, 
as being the older, may conveniently be taken first. 
In one of the earliest extinct sharks such a fin was 
supported by gristly rays (radials) attached to short rods 
(basals) sunk within the body. 

An advance upon this may be seen in existing sharks, 
where only the base of such a fin is supported by the 
radials, while the freely projecting part is a fold of skin 
strengthened by flexible horny dermal rays. Turning 
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1, frontal; 2, prefrontal ; 3, ethmoid ; 4, postfrontal ; 5, basioccipital (concealed) ; 6, parasphenoid ; 7, parietal ; 8, supraoccipital ; 9, paroccipital ; 10, exoccipital ; 
11, alisphenoid (concealed) ; 12, mastoid ; 13, squamosal ; 14, orbitosphenoid ; 15, presphenoid (concealed) ; 16, vomer (hidden by 19); 17, premaxilla ; 18, maxilla, 
or upper jawbone; 19, 19', infraorbital ring ; 20, nasal; 21, supratemporal ; 22, palatine (concealed) ; 23, hyomandibular ; 24, ectopterygoid ; 25, entopterygoid ; 
26, quadrate ; 27, metapterygoid ; 28, opercular ; 29, stylohyal (concealed) ; 30, preopercular ; 31, symplectic ; 32, subopercular ; 33, interopercular ; 34, dentary ; 
35, articular; 36, angular; 37, hyals (concealed) ; a, vertebrae ; 4, confluent tail-vertebra ; c, transverse processes ; @, inferior arches and spines of tail-vertebrae ; 
e, ribs ; 7, barbs of ribs ; g, superior arches and spines of vertebra ; 4, anterior interspinals ; Z, posterior interspinals 5 #, fin-rays of anterior dorsal fin ; 2, hard, 
and z, soft rays of hinder dorsal fin; , 0, hard and soft rays of caudal fin ; A, interhamal spines ; g, interspinals of anal fin ; 7, s, hard and soft rays of anal fin ; 


A, post-temporal ; B, supraclavicular ; C, clavicular ; D, coracoid; 2, scapula; /, basals; G, 7, rays of pectoral fin; /, K, postclavicular ; Z, pelvis, JZ, 1, 
hard and soft rays of pelvic fin 


collapsing, firm pieces of gristle have been developed in 
the partitions, or visceral arches, between the clefts. On 
looking at an embryo dog-fish (as a transparency) from 
the side the successive arches and their internal sup- 
porting rods will be clearly seen (page 1682), and by 
comparing this with the visceral skeleton of the adult 
(page 1687) we shall understand the subsequent changes 
that take place. 

Supporting the first visceral (mandibular) arch, 
between the mouth and the spiracle, is a rod shaped 
like an inverted L, the upper end of which runs forward 
above the mouth, and will later on be separated, as the 
upper jaw, from the remainder of the rod, which will then 
be the lower jaw. A somewhat similar rod supports the 
second (hyoid) visceral arch between the spiracle and 
the first gill-cleft, and the upper part of this becomes 
separated off as a hyomandibular cartilage, by which 
the jaws are attached to the skull. When the jaws are 
suspended in this way the skull is said to be ‘“‘hyostylic.”’ 
The lower part of the hyoid rod, and the branchial rods 


to the paired fins, we find the front, or pectoral, of the 
extinct shark already mentioned was a stiff triangular 
projection supported by radials, though at its hinder 
side a fringe of skin containing horny rays was be- 
ginning to develop. Such a fin was merely a balancer, 
and the evolution from it of a movable paddle, as in a 
recent shark, involved some marked specialisations. 
In order to provide a narrow attachment to the body, 
without which free movement would be impossible, 
the basals, instead of being imbedded in the body-wall, 
projected to support the narrow attached region, then 
came a part supported by radials, and finally a fringe 
of skin containing horny fin-rays. 

In ordinary bony fishes like the perch, which move 
with great rapidity, and require delicate steering 
fins rather than clumsy paddles, the basals and radials 
have sunk into the body, undergoing at the same time 
mere or less reduction and fusion, and the free fin is now 
nothing but a fold of skin supported by dermal rays, 
which, however, are now of bony nature. The hind or 
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pelvic fin has passed through similar stages to those 
outlined for the pectoral, but it never or rarely attains 
the same importance. 

Mr. E. S. Goodrich has recently made a careful study 
of the dermal fin-rays (dermotrichia) that support the 
thin part of most fins as already described. He dis- 
tinguishes between three kinds. (1) Horny unjointed 
ceratotrichia, typical of sharks and.chimeras; these 
contain no bone-cells and are not connected with the 
placoid scales scattered through the skin. (2) Those 
found in Teleostomi (bony fishes and ganoids), and 
consisting of small unjointed horny actinotrichia at the 
edges of the fins, probably to be 
regarded as the remains of cerato- 
trichia, and of branching bony 
lepidotrichia, resembling the ‘scales of 
the body in primitive. forms, and 
probably derived from these. ( 3) In 
lung-fishes (Dipnoi) there are jointed 
bony camptotrichia, containing bone- 
cells, and comparable to the lepido- 
trichia of the second type. 

The teeth of fishes may be regarded 
as modified scales, and in a shark or 
dogfish gradations between the two 
are found in the neighbourhood of 
the mouth. They present a large 
amount of variation, in adaptation to 
food of different kinds. Cutting and crushing teeth are 
the two chief types. While in some cases they may 
be totally wanting, in others they may be developed 
on all the bones of the mouth, and even on the hyoid 
bones and gill-arches ; or they may be attached only to 
the membrane lining the mouth. Frequently they 
are welded to the underlying bone or cartilage by a 
broad basis; or, as in the saw-fishes, they may be 
implanted in distinct sockets. The coating of enamel 
is usually very thin; and the ivory, or dentine, is more 
vascular than in other vertebrates. In rare instances 
the ivory may be penetrated by branching prolongations 
from the central pulp-cavity, as 
well as by similar infoldings from the 
exterior, thus producing a structure 
similar to that obtaining in those of 
the primeval salamanders. As a 
general rule, the teeth are being con- 
stantly renewed throughout life, but 
inafew instances a single set persists. 

For beauty, variety, and change- 
ability, the colours of fishes cannot 
be exceeded by those of any of the 
other vertebrate classes; metallic 
tints and almost all the colours of 
the rainbow being very commonly 
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a, eye; 4, ear; c, spiracle; d, gill-clefts; e, nose; 
i mouth g, mandibular atch ; h, 
J, branchial arches 


The body-wall of fishes is made up of a great lateral 
muscle on each side, divided into a number of segments, 
and also separated into a dorsal and ventral moiety by 
a median longitudinal groove. On its surface the 
lateral muscle is marked by a number of white zigzag 
stripes, generally forming three angles, of which 
the middle one is directed forwards; these stripes 
being formed by the edges of the tendinous divisions 
between the segments. Generally the muscles are 
glist ening white in colour, but in some instances they 
are ‘‘ salmon-coloured,” this tint being due to the 
colouring matter of the crustaceans on which such 
fish subsist, which is turned red by 
the action of the digestive fluids in 
the same manner as by boiling. Jhe 
electric organs possessed by certain 
fishes are nearly always formed from 
specially developed muscles. 

With regard to the brain, it will 
suffice to say that it is of a low type, 
but in sharks and rays is specialised 
as compared with bony fishes, and 
correlated with considerable intelli- 
gence. In lung-fishes the brain 
presents many points of resemblance 
to that of Amphibia. 

The skin of fishes is provided with 
small groups of sense-cells, many of 
which are arranged in a characteristic way. Probably 
everyone has noticed a streak running along each side of 
a fish’s body, and contrasting in colour with the adjacent 
skin. This is the Jateval line, which can be traced 
forward to the head, where it divides into a number of 
branches. In a few primitive forms, it is a groove in 
which successive groups of sense-cells are sheltered, but 
in ordinary cases it has become converted into a canal, 
opening by pores to the surface. Specialised scales 
are found in its neighbourhood. 

The use of this arrangement is not definitely known, 
but it is undoubtedly related to the conditions of 


aquatic life, and is affected by 


certain vibrations in the surrounding 
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water. Very possibly it has to do 
with the perception of position in 
space and the balance of the body. 
There are other even more problem- 
atic sense-organs in ganoids and 
shark-like forms. 

Fishes undoubtedly possess the 
sense of touch, and special tactile 
organs are not infrequently to be 
found near the mouth in the form of 
tentacle-lke barbels, as in cat- 
fishes, cod, and many deep-sea forms. 


displayed ; while the beauty of the Some of the groups of sense-cells in 
coloration is often enhanced by SKELETONS UF FINS the skin closely resemble the taste- 
rapid changes (page 1614). In Many 4, extinct, and p, existing shark's dorsal fins; c, extinct buds of higher vertebrates, but how 
cases the colours are protective. An shark's, and p, existing perch’s pectoral fins ar they minister to the sense of 


example is afforded by the colouring 
of the upper surface of many flat- fishes, which exactly 
harmonises with the tints of the sea-bottom ; another 
fhstance is that of pelagic fishes, like mackerel and 
flying-fish, which live near the surface, and have the 
under parts silvery white, while the back is mottled 
with dark green and black. Viewed from below against 
the sky such a fish is practically invisible, and is equally 
inconspicuous when seen from above among the dark 
waters. The vivid hues of some spiny fishes such as 
trigger-fishes (Balistes minacanthus) and globe-fishes, are 
probably examples of mating coloration, while courtship 
colours are seen in the males of some species, as in the 
sticklebacks (Gastrosteus), where the male becomes 
bright scarlet during the breeding season 


a, radials ; 2, basals ; ¢, horny fin-rays 


taste is not known. It is only in 
lung-fishes that they are limited to the mouth cavity. 

Well-developed organs of smell are present in the 
form of a pair of nasal sacs developed as in-pushings 
of the skin. In ordinary bony fishes, the nasal 
aperture is divided into two, apparently that there may 
be a regular circulation of water through the sac. 

Many of the predaceous fishes hunt their prey 
entirely or largely by smell. Lung-fishes differ from 
all other members of their class in the possession of 
internal nasal apertures, situated just within the 
margin of the upper lip, a character in which they 
agree with Amphibia. 

In higher vertebrates the essential part of the organ 
of hearing is a complicated membranous bag, the 
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labyrinth, sheltered within an auditory capsule. A 
similar arrangement is found in fishes, but there are no 
specialised sound-conducting structures, although the 
spiracle, when present, would appear to serve as a 
short cut for the passage of vibrations from the 
surrounding water. It is definitely known that the 
labyrinth, in all vertebrates, has to do with space- 
perception and the maintenance of equilibrium, and in 
this connection it is especially interesting to find that 
the fish-labyrinth develops from a part of the lateral 
line, which is pushed in from the surface. Whether 
fishes are able to hear in the ordinary sense of the 
word is not absolutely certain. We 
know, however, that many fishes make 
characteristic sounds, produced in 
various ways, and possibly these help to 
keep shoals together, especially when 
spawning. This suggests that such 
fishes do really hear. 

With regard to sight, it need only be 
said that the eyes of fishes are con- 
structed in much the same way as those 
of other vertebrates, but the crystalline 
lens is spherical as an adaptation to the 
dense nature of the surrounding 
medium. Probably most persons in the 
pursuit. of breakfast-table anatomy 
have dislodged the lens, looking like a 
sugar-coated pill, from the eye of a whiting or mackerel. 
In the uncooked condition it is, of course, transparent. 
The eyes of deep-sea fishes are commonly either of 
enormous size, or, on the other hand, reduced to useless 
vestiges, not infrequently being absent altogether. In 
many such fishes—as, too, in deep-sea invertebrates— 
phosphorescent organs are present, and but for the light 
these produce, the abysses of the ocean would be 
profoundly dark. : : 

In most of the more primitive fishes, the mouth is 
placed on the under side of the head, but in the higher 
types it is terminal, a more convenient situation under 
ordinary circumstances. The tongue is ill-developed 
and not protrusible. The large mouth cavity passes back 
into a capacious pharynx, perforated by the spiracular 
cleft and the gill-slits. The inner edges of the latter 
are commonly fringed with more or less well-developed 
filaments, which 
prevent food from 
passing out to the 
exterior. These are 
especially necessary 
in fishes which feed 
on the minute forms 
of life making up the 
plankton or floating 
population of the 
seaand lakes. The 
pharynx is con- 
tinued into a gullet, 
this into a stomach, 
which is commonly 
U-shaped, and this 
again into a rather short intestine. In sharks and rays, 
chimeroids, ganoids, and lung-fishes, the lining of the 
intestine projects inwards as a spiral fold (spiral valve) 
that largely increases the surface for the absorption of 
digested food. The intestine terminates either by 
opening into a cloaca, a chamber also receiving the 
ducts of the kidneys and reproductive organ (sharks 
and rays, lung-fishes), or else communicates directly 
with the exterior (chimeroids, ganoids, teleosts). 

In all fishes except sharks and rays, an outgrowth 
from the pharynx becomes a sac known as the swim- 
bladder, usually situated just below the backbone, and 
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filled with a mixture of gases. Its primary use is to 
serve as a hydrostatic organ, helping to maintain the 
balance of the body in the water, but in some instances 
it also helps in breathing. The origin of the swim- 
bladder is obscure, but some fishes of the shark kind 
possess a small, probably glandular, pouch, opening 
into the upper side of the pharynx, and this may 
perhaps be regarded as the first step in the evolution 
of the organ in question. 

In all members of the class except lung-fishes, the 
heart contains only impure blood, which is poured into 
a thin-walled auricle, thence passing into ‘a muscular 
ventricle, by which it is pumped to the 
gills for purification (page. 1684). After 
being oxygenated, this blood supplies the 
body, ultimately reaching the heart 
again, by this time having parted with 
the greater part of its oxygen and taken 
up a large amount of the waste product, 
carbonic acid gas. ‘There are differences 
in detail which will be alluded to in the 
sequel. In lung-fishes the auricle is 
divided into right and left halves, of 
which the former receives impure blood 
from the body, while the latter serves as 
a receptacle for the blood which has 
been purified by the swim-bladder. The 
arrangement is not unlike what has else- 
where been described as characteristic of the Amphibia. 

The gills of sharks, rays, and chimeroids are con- 
tained in pouches, usually five in number on each side, 
each pouch opening externally by a slit, and into the 
pharynx internally. The gills are delicate vascular 
ridges on the walls of the pouches. In the embryos 
filamentous gills protrude externally from the slits. 
The spiracles found on the side of the head in fishes 
belonging to the groups mentioned are the external 
openings of a canal leading on each side into the 
pharynx, and represent what is known as the first 
visceral cleft in the embryo. In the bony fishes the 
comb-shaped gills, generally four in number, are 
attached to bar-like gill-arches, and project into a 
cavity on each side of the head, which is covered over 
by the gill-cover, behind which isa slit. During ordinary 
respiration water enters the mouth, 1s driven over the 
gills, and then ex- 
pelled by the gill- 
opening. Allusion 
must be made in 
this place to certain 
organs known as 
false gills, or pseudo- 
branchia@. These 
are the vestiges of 
gills situated in 
front of the per- 
sistent ones, which 
were once func- 
tional. Although 
most fishes breathe 
as indicated, many 
forms can utilise atmospheric air for the purpose. 

The most important accessory breathing ofgan is 
the swim-bladder, which in the lung-fishes, as their 
name indicates, acts as a lung. This is also true, to a 
lesser extent, for certain other forms. 

Although in a few fishes which produce living young, 
as well as in the sharks and rays, an actual connection 
takes place between the two sexes, in the great majority 
of cases the ova are deposited by the female, after which 
they are fertilised by the male. The bony fishes lay 
numerous eggs of relatively small size, or even extremely 
minute, those of the eel being almost microscopic ; but 
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there is a considerable degree of variation in this respect. 
Dr. Wemyss Fulton has calculated the number of 
eggs produced by the British food-fishes in individuals 
of different size, and the following are a few of his 
figures: Ling (54 pounds weight), 28,361,000; turbot 
(17 pounds 5 ounces), 9,161,000; cod (21} pounds), 
6,652,000 ; herring (114 inches long), 47,000. 

The female does not usually take any care of her eggs 
after spawning, but there are exceptions to this rule; 
for instance, in catfishes (Aspredo) they are pressed into 
the skin of the under surface of the body, while in a 
kind of pipe-fish (Solenostoma) they are carried ina pouch 
formed by the fusion of the broad pelvic fins with the 
skin of the body. Among bony fishes there are several 
instances where the young are 
tended by the father ; some, like 
the sticklebacks, building a nest, 
while others, like certain pipe- 
fishes, have an abdominal pouch 
in which the eggs are hatched. 

The eggs of sharks, rays, and 
chimeroids. differ remarkably 
from those of bony fishes, being 
large in size, few in number, and 
laid singly instead of in masses. 
They are invested in a hard, 
horny envelope, which is gener- 


four corners elongated, or even 
drawn out into tendrils by means of which the egg is 
moored to some foreign substance. The males of 
these fishes are armed with organs known as claspers, 
processes of the pelvic fins, evidently connected with 
reproduction. 

The young of many fishes differ markedly from the 
adult, this being especially the case with those of the eels, 
which have long ribbon-like bodies and small heads. 
Formerly these so-called “‘ Leptocephali ” were regarded 
as the young of shore-fishes which had been carried out 
to sea and undergone abnormal development. 

The changes which take place in the flat-fishes during 
development may be more conveniently noticed under 
that group. Although male and female rays differ 
remarkably from one another in the structure of their 
teeth, while both in this group and in the sharks and 
chimeeroids the males are distinguished by the posses- 
sion of claspers, there is generally but little sexual 
differences among fishes. In the bony fishes, however, 
the females are larger than the males; among the 
cyprinodonts the difference between the two being 
occasionally as much as six times. 

Fishes differ markedly in regard to their power of 
bearing alterations in their normal environment. On 
this subject Dr. Giinther writes that “ some will bear 
suspension of respiration—caused by removal from 
water, or by exposure to cold or heat—for a long time, 
while others succumb at once. Nearly all marine 
fishes are very sensitive to changes in the temperature of 
the water, and will not bear transportation from one 
climate to another. This seems to be much less the 
case with some fresh-water fishes of the temperate zone, 
since carp may survive after being frozen in a solid 
block of icé, and will thrive in the southern parts of 
the temperate zone. On the other hand, some fresh- 
water fishes are so sensitive to a change in the water 
that they perish when transferred from their native 
river into another apparently offering the same physical 
conditions. 

‘‘Some marine fishes may be abruptly transferred 
from salt into fresh water, like sticklebacks; others 
survive the change when gradually effected, as many 
migratory fishes; whilst others, again, cannot bear 
the least alteration in the composition of the salt water 
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(all pelagic fishes). On the whole, instances of marine 
fishes voluntarily entering brackish or fresh water are 
very. numerous, whilst fresh-water fishes proper but 
rarely descend into salt water.” 

The foregoing remarks lead naturally to the subject of - 
the distribution of fishes. In the first place, we find that 
many marine fishes have a much narrower range than 
might be expected; while, on the other hand, we find 
families and genera, and even species of fresh-water 
fishes inhabiting widely-separated areas of the earth’s 
surface. The primary division into fresh-water and 
marine fishes is not sharply defined, a transition being 
formed by brackish-water types, species or even indi- 
viduals of which can accustom themselves to live in 

either salt or fresh water. Then, 
again, we have certain essentially 
fresh-water fishes, like salmon 
and some cat-fishes, which piss 
a certain part of their life in the 
sea; while, on the other hand, 
some marine forms, such as 
sturgeons, periodically ascend 
rivers for the purpose of spawn- 
ing. To a certain extent such 
habits will tend to explain the 
occurrence of peculiar families 
of fresh-water fishes, such as the 
cichlids of Africa, South 
America, and India, in widely 
separated areas, although this must probably be supple- 
mented by dispersal from a common northern centre. 

After the separation of the fresh-water and brackish- 
water types, the marine fishes are divided by Dr. 
Giinther into littoral, pelagic, and deep-sea groups, 
although no hard and fast lines can be drawn. The 
littoral or shore-fishes are those found close to land or 
sunken shoals, the majority living near the surface, 
and very few descending as deep as three hundred 
fathoms. Their distribution depends not only on 
the temperature of the surface water, but also on the 
nature of the neighbouring land and its organisms ; some 
such fishes being suited to flat coasts with muddy or 
sandy bottoms, while others frequent rock-bound 
shores where the water is deep, and others, again, affect 
coral-reefs. Cod, rays, and flat-fish are well-known 
examples of this group. 

Pelagic fishes, such as tunnies, flying-fish, sword- 
fishes, and sunfishes, inhabit the surface layers of the 
open sea, approaching the shores only by accident, in 
search of food, or to spawn. rere 

In marked contrast to the last are the deep-sea 
fishes, inhabiting the abyssal depths of the ocean, 
where they are undisturbed by tides or currents, and 
live for the most part in total darkness, their organi- 
sation, owing to the great surrounding pressure, 
preventing them coming to the surface in a healthy 
condition. From the similarity in the physical conditions 
of the ocean depths in all parts of the world, there seems 
no reason why a single species of deep-sea fish should 
not range from the Equator to the Poles. 

Not the least remarkable feature about the carnivorous 
deep-sea fishes is the enormous size of their stomachs, 
which enable them to swallow creatures nearly their 
own size. Although when brought to the surface 
deep-sea fishes are soft, flabby creatures, their scales 
standing out at right angles, and their eyes starting from 
their sockets, yet at their own proper level, under 
enormous pressure, their bodies are doubtless as firm 
and compact as those of ordinary fish. Deep-sea fish 
certainly live at a depth of two thousand seven hundred 
and fifty fathoms. There are fully nine thousand known 
species of living fishes, while considerably more than one 
thousand fossil forms have been already described. 
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SHARKS AND RAYS 


THE first subclass of fishes includes existing sharks 

and rays, together with more or less closely allied 
extinct forms; some of the latter being the most 
primitive members of the class yet known. Indeed, 
taking these primitive types into consideration, and 
remembering that sharks and their allies are the oldest 
fishes with which we are acquainted—dating from the 
upper Ludlow beds of the Silurian epoch—it seems 
probable that the present subclass may have been the 
stock whence all other fishes were derived. Agreeing 
with the bony fishes and ganoids in having the suspend- 
ing apparatus of the lower jaw movably articulated to 
the skull, sharks and rays have the skeleton entirely 
gristly, though the gristle is often calcified ; membrane- 
bones—except in one extinct group—being entirely 
wanting. The gills open by separate external clefts, 
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TBE only member of the order Proselachii so far known is 
the primitive form, Cladoselache, from the Cleveland 
Shale of Ohio, which is either upper Devonian or lower 
Carboniferous in age, and also represented in the lower 
Carboniferous rocks of Scot- p, 
land. There are several species, fa 
none exceeding about 6 feet 
in length, and some con- 
siderably smaller. Hi 
Cladoselache is of con- ( 
siderable interest because it 
is probably the most primi- 
tive creature of the shark 
kind known, and some of its 
characters throw light on the 
evolution of fishes in general. 
The rounded body is covered 
with minute lozenge-shaped 
scales, and the mouth is ter- 
minal—that is, situated at the 
front of the head, and not 
on its under surface, as in almost all modern members 
of the subclass. There are two low dorsal fins, and the 
upwardly-bent tail is surrounded by a caudal fin, which 
is fairly symmetrical externally, suggesting that most 
of the swimming was in a horizontal plane. 
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Racine from lower Carboniferous to lower Permian, 
the extinct sharks of the order Pleuracanthodii, or 
Ichthyotomi, are little less primitive than those of the 
previous one. 
The essential characteristic of this group, as shown in 
the figure, is the fringed structure of the pectoral fins, 
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and have no cover. When bony elements are de- 
veloped in the skin, these agree in structure with teeth. 
In all living members of the subclass the optic nerves 
cross without giving off any mutually interlacing fibres, 
the arterial bulb of the heart is furnished with three 
valves, the intestine has a spiral valve, the eggs are 
large and detached, and a swim-bladder is wanting. 
The subclass is divided into the following four 
orders, the members of the first three being extinct : 


Order 1.—Primitive Sharks (Proselachii, or Pleuro- 


pterygii). 
Order 2.—Fringe-finned Sharks (Pleuracanthodii, or 
Ichthyotomi). 


Order 3.—Spiny Sharks (Acanthodii). 
Order 4.—True Sharks and Rays (Selachii). 


PROSELACHII—PRIMITIVE SHARKS . 


The paired fins, both pectoral and pelvic, resemble 
the dorsals in shape and structure, and lend support 
to the theory that paired fins are the remains of con- 
tinuous lateral fins that existed in the stock from 
which all fishes have been 
derived (see page 1679). They 
jorkesseGl Istintile, iit ainsy 
power of movement, their use 
no doubt being to balance 
the body in the water. A 
small horizontal  keel-like 
projection on either side of 
the tail probably had the 
same function. 

There were certainly five 
pairs of gill-slits and probably 
seven, while spiracles are to 
be seen in front of the first 
pair of ~these slits. The 
eyes were protected by rings 
of flattened scales, and the 
nostrils were near the tip of the snout. The lateral 
lines were in the form of open grooves. 

So far as can be ascertained, the internal skeleton 
was very primitive in character, and the notochord 
would seem to have persisted throughout life. 


CLADOSELACHE 


PLEURACANTHODII—FRINGE-FINNED SHARKS 


which consist internally of a long, tapering segmented 
axis, giving off a double series of gristly rays. The 
internal skeleton. of these sharks shows granular 
calcifications; but the notochord is never or but 
seldom constricted into distinct vertebre, the cal- 
cification, except in the tail, stopping short at an 


SKELETON OF EXTINCT FRINGE-FINNED SHARK SHOWING DIPHYCERCAL TAIL 
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incomplete stage, when the body of each segment 
of the backbone consists of three separate pieces. 
The upper and lower arches and spines of the back- 
bone are tall and slender, the upper spines having 
no intercalary cartilages between them. 

As represented by the genus Pleuvacanthus, common 
to the Carboniferous, Permian, and Triassic rocks of 
both sides of the Atlantic, these sharks are further 
characterised by the slender and slightly depressed 
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Wie the two preceding orders contain the most 
primitive and generalised representatives of the sub- 
class, the one now to be considered, Acanthodii, also 
confined to the Paleozoic epoch, comprises sharks of a 
more specialised type than any existing forms. Indeed, 
these fringed sharks bear 
much the same relationship 
to the spiny-finned group as 
is presented by the bony. 
fishes to the fringe-finned 
ganoids. An es ssential 
feature of the group is the 
development of membrane- 
bones covering the original 
cartilaginous skull; the 
socket of the eye is also often 
surrounded by a ring of bones 
of similar origin. In the internal skeleton the notochord 
is persistent, and the cartilages are superficially calcified. 
Teeth, when present, are firmly fixed upon membrane- 
bones overlyi ing the cartilages corresponding to the 
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form of the body, the terminal position of the mouth, 
and the diphycercal tail. The long and low dorsal fin 
is continued along the whole of the back from a short 
distance behind the head, and its cartilages are more 
numerous than the subjacent spines of the vertebra ; 

immediately behind the head is a long barbed spine, 
and the body was probably devoid of shagreen. The 
teeth are peculiar, consisting of two divergent and 
generally unequal cones, on an expanded base. 


ACANTHODII—SPINY SHARKS 


appendages which during life were probably furnished 
with membranous expansions similar to those of the 
existing frill-gilled shark. In the fins the cartilages 
of the "internal skeleton are greatly reduced, and the 
membranous portions are almost destitute of carti- 
laginous rays ; while each of 
the paired and most of the 
median fins are provided 
with a large front spine. 
The tail is heterocercal, and 
the males lack the claspers 


characterising existing 
sharks and rays. Externally 
the body is covered with 


small and closely-arranged 
quadrangular granules, be- 
tween two series of which 
runs the lateral line. Three families constitute the 
order; the first of these, as represented by the genus 
Acanthodes, having but a single dorsal fin, while in the 
other two—respectiv ely ty pified by Ischnacanthus and 


A SPINY SHARK 


jaws of other sharks. The gill-arches bear a series of 


Diplacanthus—there are two of these fins. 
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TBE whole of the existing representatives of the sub- 
class Elasmobranchii form the order Selachii, which 
is characterised by the gristly internal skeleton being 
usually only superficially calcified; while, except in 
some early extinct types, the notochord is constricted 
at the centre of each vertebra. The upper and lower 
arches of the vertebre are short and stout, and special 
pieces (intercalary cartilages) are very generally 
developed between them. The pectoral fin does not 
possess a jointed central axis, but its gristly rays form 
a fan-shaped structure radiating from an abbreviated 
base; and the axis of each pelvic fin is drawn out in 
the males into a “ clasper,”’ 
connected with reproduction. 
In the skull, the hyoman- 
dibular usually intervenes 
between the upper jaw and 
the cranium proper; but in 
the genus Notidanus the 
hyomandibular takes no 
share in supporting the jaws, 
the upper jaw articulating 
directly with the cranium by 
means of a facet behind the 
eye; this being probably the 
original arrangement. The 
gill-pouches usually open to 
the exterior by five vertical 
slits on each side of the 
neck, but sometimes the 
number of these clefts is 
increased to six or seven. 
The mouth is commonly 
situated on the under side of the head; and the 
teeth may be either sharply pointed and separate, 
or blunt and crowded together into a crushing sur- 
face. In the former case there is a constant succession 
of new teeth to replace the old ones as they 
are woin away and shed. The tail-fin is usually 
heterocercal, with the upper lobe greatly elongated ; 
the pelvic fins are always abdominal; and the dorsal 
fins of many extinct and a few living types bear large 
spines on their front edges. 

Spiracles are frequently developed; and ovoid or 
diamond-shaped intercalary cartilages are situated 
between the upper arches of the vertebre. The 
eggs are generally contained in horny rhomboidal 
capsules, often furnished at the four corners with long, 
tendril- like filaments, by 
which they attach them- 
selves to the stems of sea- 
weeds and other bodies. In 
some species, however, 
the eggs are hatched 
internally ; and in all cases 
the embryos are furnished 
with external gills, which are shed before birth, 

All the members of the order are carnivorous, but 
while the typical sharks are highly predaceous, devour- 
ing everything they come across, some of the largest 
species only possess small teeth, and feed on 
molluscs and other invertebrates. The rays, too, are 
largely shell-fish eaters, and mostly differ from many 
sharks in living on or near the bottom, instead of 
swimming about actively at or just below the surface. 

The species are typically marine, but many ascend 
tidal rivers, and in the Viti Levu Lake in Fiji, as 
well as in Lake Nicaragua, there are sharks living 
permanently in fresh water. The species inhabiting 
the former lake, which is cut off from the sea 
by a cataract, is Carcharias gangeticus, common in the 
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IV. SELACHII—EXISTING: SHARKS AND RAYS 


Ganges and in the Tigris, and ascending in the latter 
three hundred and fifty miles from the sea. A species 
of saw-fish is found in a fresh-water lake in the Philip- 
pines. 

It is commonly stated that sharks scent their prey 
from a distance, since they rapidly congregate when- 
ever animal refuse is cast overboard; but it may 
be suggested that such assemblages, as in the case of 
vultures, are rather due to one shark following the 
movements of another. The order was formerly 
divided into two subordinal groups, based upon the 
conformation of the body ; the one group including all 
the sharks and _ dog-fishes, 
and the other the rays and 
their immediate allies. 
Although this difference in 
bodily form is of consider- 
able importance in classifi- 
cation, yet it does not con- 
stitute the essential line of 
distinction, which is based 
upon a difference in the 
internal structure of the 
bodies of the vertebre. 


COMB-TOOTHED 
SHARKS 


A very remarkable family, 
(Notidanid@) is now repre- 
sented by four species of 
comb-toothed sharks (Nofz- 
danus) and the frill-gilled 
shark  (Chlamydoselachus 
anguineus). In all other existing sharks the gill- 
clefts are five in number, but in the present family they 
are six or seven; while there is a further peculiarity in 
regard to the structure of the skull. It has been already 
stated above that in the more typical sharks the 
lower jaw is suspended from the cranium by a 
hyomandibular element; but in the present family 
the upper jaw articulates directly with the cranium, 
and the hyomandibular takes no share in its attach- 
ment. In addition to their more numerous gill-slits, 
the comb-toothed sharks are distinguished externally 
from all those hitherto considered by having only a 
single dorsal fin, which is situated far back on the body 
and has no spine. The eye is devoid of a nictitating 
membrane, the spiracles are small, and the teeth, of 
which several series are in 
use at the same time, have 
sharply-pointed cusps. 

In the typical genus the 
body is moderately elongated, 
the mouth inferior in 
position, and the six or seven 
gul- clefts devoid of flaps. 
The principal teeth consist of a series of cusps placed 
upon a long base, all inclining in one direction, 
and decreasing in size from the front to the back. 
With the occasional exception of some portions of 
the tail, the notochord persists throughout life. 

At the present day the range of the existing members 
of the genus includes most temperate and tropical 
seas, some of the species reaching as much as 15 feet 
in length. While in the grey comb-toothed shark 
(Notidanus griseus), of the Atlantic and Mediter- 
ranean, the number of gill-clefts is six, in each of the 
other three species it is seven. Fossil species un- 
doubtedly range from the Trias to the Pliocene; 
many of these, like the one of which two teeth are 
shown in the illustration, being of much _ larger 
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dimensions than any of the existing forms. There 
are also some Carboniferous forms which are probably 
referable to the family. As to the habits of these 
sharks there appears to be practically no information. 


FRILL-GILLED SHARK 
The Japanese frill-gilled shark (Chlamydoselachus 
anguineus) differs from the typical genus by its greatly 
elongated and slender body, and by each of the six 
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gill-clefts being protected by a frill-like flap of skin, 
much as in Acanthodes (page 16086). The teeth are of 
somewhat simpler structure, being similar in both 
jaws, and each consisting of three slender, curved, 
and subconical cusps, separated by a pair of rudimen- 
tary ones; while there is an unpaired median series 
at the extremity of the lower jaw only, instead 
of in both the upper and the lower. Although mainly 
persistent, the notochord is in part replaced by ill- 
developed vertebre of the type characteristic of the 
suborder. Fossil teeth from the Italian Pliocene have 
been assigned to this genus. 


PAVEMENT-TOOTHED SHARKS 


The well-known Port Jackson shark (Cestracion 
philippi) and three allied species are the sole existing 
representatives of a family (Cestvaciontide@) which was 
exceedingly abundant during the Secondary epoch. 
They possess a strong spine on the front edge of each 
of the two dorsal fins, The first dorsal fin is situated 
above the space between the pectoral and pelvic pairs ; 
and the teeth, of which several series are in use at the 
same time, are more or less blunt and 
broad, more especially in the hinder 
part of the jaws, although those in 
each oblique row are never fused 
together into continuous plates. In the 
existing genus there is no nictitating 
membrane to the eye; the body is 
moderately elongated, with the second 
dorsal fin in advance of the line of the 
anal; and the mouth is almost or 
quite terminal. 

The front teeth are small, numerous, and 
sharp, while the hinder ones are broad 
and flattened. The spines of the dorsal 
fins are smooth, covered on the sides 
with a thick layer of ganoin; the 
shagreen is fine ; and the head is devoid 
of spines. As in the last family, the 
lower jaw is directly attached to the 
skull, though a small hyomandibular 
helps to suspend it. In the existing 
species the egg-capsules assume a re- 
markable screw-like form, quite unlike 
that of any other member of the family. 


The living members of the genus, none of which exceed 
5 feet in length, have been recorded from the seas of 
Japan, Amboyna, Australia, the Galapagos Islands, 
and California; while remains of extinct forms occur 
in Europe from the upper Jurassic period onward. 
Very little appears to be known as to their habits, 
but their food is stated to consist principally of molluscs 
and crustaceans, the hard shells of which are crushed 
by the pavement-like hinder teeth. 


EXTINCT TYPES 

One of the earliest of the numerous fossil 
genera of the family is the Carboniferous 
Orodus, with teeth very like those of the later 
Hybodus, ranging from the Trias to the lower 
Cretaceous. In the last-named genus the 
notochord is persistent, the bluntly conical 
or cusped teeth have a central and two or 
more lateral cusps, the fin-spines are ridged, 
and there are two hook-like spines below 
each eye. Acrodus, with a nearly similar 
range, has, on the other hand, blunt teeth ; 
while the Jurassic and Wealden Astera- 
canthus differs from Hybodus by its rhom- 
boidal, roughened, and flattened teeth, and 
the star-like ornamentation of the spines 
of the dorsal fins. 

In Synechodus, of the Chalk, all the teeth are cusped, 
the anterior ones having a tall central cusp, flanked 
with from three to five small lateral pairs. An allied 
extinct family (Cochlidontide), confined to the Car- 
boniferous rocks, differs by the component teeth of 
at least one of the oblique rows being fused into a 
continuous curved plate, which may be either smooth 
or ridged. Many of the extinct representatives of 
these families were larger than the Port Jackson shark. 


DOG-FISHES AND THEIR ALLIES 
In the dog-fishes and their allies (family Scylliide) 
there are no spines to the dorsal fins, the first of 
these being placed rather far back. The eye does not 
possess a nictitating membrane, and the teeth are 
small, with several series generally in use at the same 
time. In all there are distinct spiracles. 


TRUE DOG-FISHES 
Represented in British waters by the lesser (Scyllium 
canicula) and larger spotted dog-fish (S. catulus), this 
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genus is characterised by the first dorsal fin being 
above or behind the line of the pelvic pair; by the 
origin of the anal being in advance of the line of that 
of the second dorsal; the absence of serration of the 
upper edge of the caudal fin; and the small and deli- 
cate teeth, which are arranged in numerous series, 
and generally have a long central cusp, flanked by 
one or two small ones on each side. About half a 
score of species have been described, ranging over the 
coast regions of most temperate and tropical 
seas, and all comparatively small. The 
majority have prettily spotted skins. The 
food consists mainly of crustaceans and | 
molluscs; and their flesh is eaten not 
infrequently by fishermen, while in the 
Orkneys, where the British species are more — 
abundant than elsewhere, it is regularly dried 
for winter consumption. The shagreen of | 
their skins is also employed in wood-polishing. 

The lesser spotted dog-fish is often ex- 
tremely abundant on our coasts, and may | 
be a serious nuisance, as it’steals the bait | 
from deep-sea lines. These sharks lay eggs | 
enclosed in horny cases drawn out into 
tendrils. Fossil dog-fishes date from the 
period of the Chalk; and they are represented 
in the Kimeridge Clay by the extinct Palgoscyllium, 
in which the origin of the second dorsal fin is placed 
in advance of that of the small anal. 


ZEBRA-SHARK 

Among several allied genera is the zebra-shark 
(Stegostoma tigrinum) of the Indian Ocean, 10 to 15 
feet long, and marked with black or brown trans- 
verse bars or round spots on a brownish yellow 
ground. 

In this fish the first dorsal fin is above the line of 
the pelvic pair, while the second is in advance of the 
line of the anal, which is approximated to the caudal, 
the latter being greatly elongated and equal to half 
the total length. Young specimens of this shark are 
generally met with near the coast, but the adults are 
more or less pelagic. Their tail-fins are relatively 
larger, and their colours brighter than in adults. 


OTHER GENERA 
Smaller dog-fishes from the Indian Ocean constitute 
the genus Chiloscyllium, in which the first dorsal fin 
is either above or behind the line of the pelvics ; while 
the anal is far behind that of the second dorsal and 
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close to the caudal; the teeth being small and trian- 
gular, with or without lateral cusps. Existing species 
are very handsomely ornamented with dark bands 
and spots. Ina fossil state the genus has been recorded 
from the Miocene. 

Three bottom-haunting sharks from the Japanese 
and Australian seas have been described under the 
name of Cyvossorvhinus, and are remarkable for the 
presence of leaf-like expansions of the skin on the 
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sides of the head. As in the case of other fish similarly 
adorned, these structures are probably for the purpose 
of attracting prey; and in order that they may be 
well concealed, these sharks have a coloration closely 


assimilating to that of a rock covered with seaweed 
or corallines. 


PORBEAGLE GROUP 


In the porbeagle group (family Lamnide@) there is 
considerable difference in size between the two spineless 
dorsal fins. The first is very large, and placed above 
the interval between pectoral and pelvics. The second 
is small, and situated well behind the pelvics and above 
the anal. There is no nictitating membrane, while 
the fully-formed teeth are pointed, solid in structure, 
and in most genera relatively large. The gill-slits 
are generally wide, and the spiracles either minute 
or absent. This family dates from the Chalk period, 
where there occur remains of species some of which 
are referable to genera still existing, such as the 
porbeagles, while others indicate extinct generic types. 
The fox-sharks and the gigantic Carcharodon are, 
however, unknown before the Tertiary period. 


PORBEAGLES 


The porbeagle (Lamna cornu- 
bica)—a name supposed to be 
derived from its porpoise-like 
appearance and active predatory 
_ habits—is the type of a genus 
_ containing three extinct species, 
and characterised by the very 
small size of the second dorsal 
and anal fin, by the presence of 
a pit at the root of the caudal 
fin—of which the lower lobe is 
much developed—and also of a 
keel along the sides of the tail. 
The teeth are narrow and 
slender, with one or two pairs 
of small accessory cones at 
their bases, the edges of the 
main cone being smooth. The 
- common  porbeagle wanders 
all over the North Atlantic, 
and has also been taken 
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in Japan. It does not 
commonly exceed 10 feet ¢ 
in length, and its colour is 
dull grey above and whitish 
beneath. Its food chiefly 
consists of fishes, which 
are apparently swallowed 
whole, the lancet-like teeth 
being apparently more 
adapted for seizing and 
holding than for tearing 
prey. The porbeagle is said 
to be a viviparous species. 


GREAT WHITE SHARK 


The most formidable of 
all existing members of 
the group is the gigantic 
white, or man-eater, shark 
(Carcharodon rondeletit), 
distinguished from _ por- 
beagles by the huge broadly 
triangular teeth, which have 
strongly serrated edges, and 
may possess basal cusps. The existing species, a purely 
pelagic creature ranging over all the warmer seas, is 
known to attain a length of 4o feet, and one of the 
teeth of a specimen 36 feet long measured 2 inches 
along the edge of the crown and 1} inches across 
the base. 

Similar teeth are found in the Crag deposits of 
Suffolk, and are referred to ihe existing species; but 
from these same beds, and also from the bottom of 
the Pacific, between Polynesia and Australia, there 
are obtained other teeth of much larger dimensions, 
some of them measuring upwards of 5 inches along 
the edge and 4 inches in basal depth. These teeth 
evidently indicate sharks beside which the existing 
form is a comparative dwarf; and it is not a 
little remarkable that the specimens dredged from 
the bed of the Pacific indicate that these giants 
must in all probability have survived to a com- 
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paratively recent date. Observations are still required 
as to the mode of life and breeding habits of this 
great shark. 


BLADE-SNOUTED SHARK 


A very remarkable form from deep waters in Japan, 
described under the name of the elfin shark (M7tsi- 
kurina owstoni), is characterised by the presence of a 
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long flexible horizontal blade projecting from the 
back of the skull in front of the muzzle so as to leave 
both jaws quite free. It is long and slender in shape, 
and grey in colour. 


FOX-SHARK 

The fox-shark, or thresher (Alopecias vulpes), not 
uncommonly met with in British waters, is the only 
species of its genus, and is easily recognised by the 
great length of the upper lobe of its tail-fin, from 
which it derives its name. Growing to a length of 
15 feet, of which more than half is taken up by the 
tail, this shark has very small second dorsal and anal 
fins ; the caudal fin extremely elongated, and withouta 
pit at its root; no keel on the sides of the tail; and 
small smooth-edged teeth, compressed and triangular 
in shape. 

Like most sharks, the thresher has a wide range, 
being abundant through- 
out the Atlantic and 
Mediterranean, and also 
found off New Zealand and 
California. The compara- 
tively small size of the 
teeth indicates that it is 
not adapted for killing 
large prey, and it chiefly 
feeds upon the various 
species of the herring tribe 
and mackerel, inflicting 
terrible destruction. 

It derives its name of 
thresher from its habit 
of beating the water with 
its long tail'in order to 
drive the members of the 
shoals on which it preys 
into a compact mass, 
; when they can be the more 

readily seized; and _ its 

voracity may be inferred 

from the fact of no less than nineteen mackerel and 
two herring having been taken from the stomach of a 
single individual. It is commonly reported by 
sailors that threshers, in company with killers 
and sword-fish, make attacks on whales by leaping 
high in the air and belabouring the unfortunate 
cetaceans with powerful blows of their tail as they 
descend. 
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BASKING-SHARK 

The largest North 
Atlantic member of the 
suborder is the basking- 
shark (Cetorhinus maxi- 
mus), which now alone 
represents a genus with 
very small second dorsal 
and anal fins, a pit at the 
root of the caudal fin, a 
keel on each side of the 
tail, very large and wide 
gill-clefts, and very small, 
numerous, and _ conical 
teeth without basal cusps, 
and seldom serrated at 
the edges. This shark, 
which grows to a length 
of over 30 feet, is regularly 
hunted on the west coast 
of Ireland for the sake 
of the oil from its liver, 
of which a _ single fish 
may yield considerably 
more than a ton. 

This shark derives its name from its habit of lying 
motionless during calm, warm weather on the surface 
of the water, with the tall first dorsal fin and a con- 
siderable portion of its back exposed, several indi- 
viduals consorting together. The gill-arches are 
provided with very long rakers bearing granular 
tooth-like structures, and in the young the snout 
is relatively longer and more pointed than in the 
adult. Unless attacked, when it can stave in the 
sides of a boat with its tail, this shark is perfectly 
harmless, its food consisting entirely of small gregarious 
fishes and various invertebrates. Remains of an 
extinct species occur in the Pliocene deposits of 
Belgium, while others from older Tertiary beds have 
been tentatively assigned to the genus. 


WHALE-SHARK 


Although resembling the true basking-shark in the 
large size of its gill-clefts and the structure of its 
gill-rakers, the gigantic whale-shark (Rhinodon 


typicus) differs in having the mouth and _ nostrils 
situated near the end of the snout, as well as in the 


BLUE SHARK 


backward position of the small first dorsal fin, which 
does not reach to the level of the highest point of the 
back, instead of standing immediately above it. In- 
stead of being subcylindrical, the whole body of this 
shark is markedly depressed, and the huge mouth 


‘ forms a nearly oblong aperture, armed with bands of 


very small and numerous teeth. The sides of the tail 
bear a well-defined keel, and the lower lobe of the 
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caudal fin is well developed. In its varied coloration 
this fish differs markedly from the majority of sharks, 
being ornamented with buff spots and stripes upon 
a dark ground. It represents a separate family, 
Rhinodontide. 

Although probably widely distributed within the 
tropics, this monster has hitherto been met with but 
locally. For many years the sole evidence of its existence 
rested upon a specimen, 15 feet long, brought ashore in 
Table Bay in April, 1828, described and figured by the 
late Sir Andrew Smith, and now in the Paris Museum. 
Forty years later Dr. Percival Wright met with this 
shark in the Seychelles, and obtained the first authentic 
information about it. It does not seem to be rare in’ 
that archipelago, but is very seldom obtained on account 
of its large size and the difficulties attending its capture. 

It is reported to attain a length of 60 feet, being thus, 
among living animals, only exceeded in size by the 
largest whales ; but, in spite of its colossal dimensions, 
it is quite harmless to human beings. Dr. Wright saw 
specimens which exceeded 50 feet in length, and one 
that was actually measured proved to be more than 
A 45 feet long. Nothing 
“ srs more was heard of the 
species until 1878, when 
the capture of another 
specimen was reported 
from the Peruvian coast 
near Callao; finally, in the 
“nineties ’’ it was dis- 
covered on the west coast 
of Ceylon, where two or 
three specimens were 
obtained. One of these is 
now exhibited in the Fish 
Gallery of the British 
Museum, where it forms 
one of the most striking 
objects, although only .a 
young example, measuring 
17 feet from the end of the snout to the extremity of 
the tail. It has been stated that this fish feeds on sea- 
weeds, but probably its food is similar to that of the 
basking-shark. 


BLUE SHARK AND ITS ALLIES 


The well-known blue shark (Carcharias glaucus) 
may be takenas the typical representative of its 
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family Carchariide@. From other sharks the members 
of the present family may be distinguished by the 
absence of spines in both the dorsal fins, of which 
the first is situated above the interval between the 
pectoral and pelvic pairs; by the presence of a nicti- 
tating membrane to the eye; and by the teeth, when 
fully formed, being hollow, and usually pointed. The 
bony elements in the skin take the form of minute 
granules, thus constituting the well-known “ shagreen,”’ 
as the dried skin is termed. 

In all the members of the typical genus (Carcharias) 
the snout is produced forwards. The crescentic mouth 
is situated on its under side, and armed with large, flat, 
triangular, single-coned teeth, which differ in shape in 
the upper and lower jaws. Spiracles are absent, and 
there is a pit at the root of the caudal fin, which has a 
distinct lower lobe. At the present day these sharks 
are represented by between thirty and forty species, 
of which the blue shark is one of the commonest and 
most widely distributed; while in a fossil state the 
genus is known from the Tertiary formations. The blue 
shark is often from 12 to 15 feet long, but some of the 
other species are stated to grow to as much as 25 feet. 

In common with the other large members of 
the suborder, all these sharks are more abundant in 
tropical than in temperate seas ; but the blue shark is 
by no means an uncommon visitor to British waters, 
more especially on the southern and western coasts of 
Ireland. It isasomewhat remarkable fact that in places 
like Aden, where sharks of various kinds abound, the 
natives will swim and dive fearlessly in the open sea, 
where a European would be almost instantly devoured 
by these monsters. The blue shark has the whole of 
the upper parts slaty blue, and the under surface white. 


TOPE 


Our next representative of the family is the 
tope (Galeus canis), a small shark belonging to a 


genus including only two species and characterised 
as follows. 

The snout is short and the mouth crescentic ; very 
small spiracles are present ; there is no pit at the root 
of the caudal fin, which ‘has only a single notch; and 
the teeth have serrated edges, and a notch on the 
hinder border. The common tope, whichis usually about 
6 feet in length, although it may grow to 7 feet, ranges 
over all temperate and tropical seas, visiting the shores 
of such widely separated localities as California, the 
British Islands, and Australia. In colour it is dark grey 
above and dirty white beneath. The second living 
species inhabits the Japanese seas; and teeth from 


the European Tertiary have been referred to the 
genus. : : 

In habits the tope is a bottom-haunting species— 
especially during the winter months—and devours other 
fish, crustaceans, and star-fishes. It is not infrequently 
taken by the line, and is thus a great source of annoy- 
ance to fishermen, especially on the Norfolk coast, 
where considerable numbers are sometimes hooked. 
The young are produced alive, and it is stated that there 
have been instances of as many as fifty individuals in a 
single brood. 


HAMMERHEADS 


Having teeth very similar to the true sharks, the 
five species known as hammerheads, or hammer- 
headed sharks, form a genus (Sphyrvna) unique among 
fishes in the extraordinary conformation of the 
head, the front part of which is broad, flattened, and 
expanded on each side into a process bearing the eye. 
This is quite sufficient to distinguish the genus; but 
it may be added that the°caudal fin has a single notch 
and a pit at its root, there are no spiracles, the nostrils 
are situated on the front edge of the head, and the 
mouth is crescentic. The teeth differ from those 
of the true sharks in being similar in both jaws; their 
margins being either smooth or serrated. 

Hammerheads range over all the warmer seas, the 
common species being sometimes taken on the British 
coast; and an extinct form occurs in Miocene strata. 
Growing to a length of some 14 or 15 feet, the 
common hammerhead is one of the most formidable 
and voracious of its tribe, and is much feared in the 
Indian seas. 


HOUNDS 


This name is given to two small British sharks, 
externally not unlike the tope, but with a blunter snout. 
Asa genus they are characterised by a crescentic mouth, 

a rather short snout, 
minute spiracles, the 
\ ; absence of a pit at the 

base of the caudal fin, 
which has_ scarcely 
any lower lobe, and 
the slight difference 
: in- the size of the 
two dorsal fins. The 
teeth are small and 
numerous, being 
either blunt or with 
indistinct cusps, 
and forming a kind 
of pavement-like 
structure; those in 
» the upper jaw being 
similar to those in 
the lower. 
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HAMMER-HEADED SHARK 


(Mustelus levis) is 

generally about 4 feet 
long, although it may reach to 6 feet. ‘The sides of 
the back are marked by a series of whitish spots, 
more distinct in the young than in the adult. ” Feeding 
on molluscs and crustaceans, this species (which ranges 
over most warm seas) produces about a dozen young ata 
birth, these being attached by a placental structure to 
the walls of the uterus. Curiously enough, such con- 
nection is totally wanting in the other British form 
(MZ. vulgaris). In habits the hounds are bottom-haunting 
species, as might be inferred from the nature of their 
food. On the English coast the smooth hound generally 
makes its appearance during the summer in pursuit of 
shoals of pilchard and herring. 
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SPINY DOG-FISHES AND THEIR ALLIES 


Although the members of the family Spinacide 
approximate in their external conformation more to 
the typical sharks than to the rays, yet in the structure 
of their vertebrae they agree with the latter. They 
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include somewhat generalised forms, in which the body 
is cylindrical or triangular, and but very slightly 
depressed ; the mouth being gently arched, and the 
snout blunt. The pectoral fins have no forward 
prolongation, and are not notched at their point of 
origin ; and the small and lateral gill-clefts may be 
either in the’ line of the pectorals or half below. The 
spiracles are large ; there is no nictitating membrane, 
and the two dorsal fins may or may not be provided 
with spines. 
SPINY DOG-FISH 

The common spiny, or piked, dog-fish (Acanthias 
vulgaris) is the most familiar representative of a very 
small genus characterised by the presence of spines to 
the dorsal fins, and by the peculiar form of the teeth, 
which are similar in the two jaws, and small, triangular, 
and compressed, with the points much turned aside, and 
the cutting edge formed by the inner margin. 

The common species measures from 3 to 
4 feet in length, and is slaty blue above 
and yellowish white beneath. It is very 
abundant on the British coasts, and, like the 
small spotted dog-fish, is a great pest on 
account of its habit of stealing bait. In 
common with an allied species (A. blainvillez), 
this dog-fish presents the peculiarity of in- 
habiting the two temperate zones but being 
unknown in the intervening tropical seas. 
The eggs are hatched within the body of the 
female, anda considerable number of young 
are produced at a birth. Somewhat dangerous 
wounds may be inflicted by the spines. 


GREENLAND SHARK 
The Greenland shark (Le@margus borealis) 
of the Arctic seas, which occasionally strays 
so far south as Britain, represents a genus 


characterised by the small size of all the fins and the 
want of spines to the dorsals, the first of which is 
situated considerably in advance of the pelvic pair. 
The skin is uniformly covered, with small tubercles. The 
upper teeth are small, narrow, and conical; but those 
of the lower jaw, which are numerous and form several ~ 
series, have their points so much bent to one side that 
their inner margins form the cutting edge, which is not 
serrated. Growing toa length of 15 feet, the Greenland 
shark is a determined enemy to the right-whale, and 
when feeding on the carcase of one of these is easily 
harpooned without attempting to escape. Four living 
young are said to be produced at a birth. 


SPINY SHARK 

Finally, we have the spiny shark (Echinorhinus 
spinosus) of the Mediterranean and Atlantic, which, 
while agreeing with the last in the small size of the fins 
and the absence of spines to the dorsals, differs by the 
teeth being alike in both jaws, and by the presence of 
large rounded tubercles scattered over the skin. The 
body is very bulky, and the tail short. This shark lives 
at considerable depths, rarely coming to the surface. 


ANGEL-FISH 


The sole existing representative of its family 
(Rhinide@), the angel- -fish, or monk-fish (/thina squatina), 
constitutes, so far as external form is concerned, a 
connecting link between the sharks and the rays. The 
body is as much depressed as in some of the latter, but 
the mouth is nearly terminal, and although the basal 
portion of the pectoral fins is much produced forwards, 
it does not extend so far as to join the head. The wide 
gill-clefts are lateral, and partly covered by the base of 
the pectoral fins; the spiracles are wide; and the teeth 
are conical and pointed. The spineless dorsal fins are situ- 
ated on the tail, and the skin is studded with tubercles, 

Not infrequently growing to a length of at least 
5 feet, the angel-fish is almost cosmopolitan, and by no 
means uncommon on the British coasts, more especially 
off Scotland. In colour it is mottled chocolate-brown 
above and whitish beneath, and, except that it produces 
living young, which may number as many as twent- 
at a birth, its general habits resemble those of the rays. 


SIDE-GILLED SAW-FISHES 


In the members of the family Pristzophoride the 
upper jaw is produced into a long, flattened beak, 
furnished on either edge with a series of large, sharp, 
and pointed teeth, set in distinct sockets at a consider- 
able distance from one another. These fishes approxi- 
mate to the sharks in the lateral position of the gill- 
clefts. There is but a single existing genus (Pyistio- 
phorus) containing four species,one of which(P. japonicus) 
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is shown in the illustration. They are comparatively 
small fishes confined to the Japanese and Australian 
seas. Having the body scarcely depressed, and the 
pectoral fins of moderate dimensions, and not extending 
forwards to the head, these forms are distinguished 
from true saw-fishes by the lateral position of the gill- 
clefts, but also by the full development of the so-called 
prepalatine cartilage, and the presence of a pair of long 
barbels on the lower aspect of the jaw. 


TRUE. SAW-FISHES 


The true saw-fishes (family Prist?d@) possess a similar 
weapon to that found in the members of the last family, 
but the gill-clefts are situated on the under surface of 
the body, as in all rays, of which they. must be regarded 
as the least-specialised examples. The elongated and 
slightly depressed body merges insensibly into the 
powertul tail, and the pectoral fins are only of moderate 
size. The first of the two spineless dorsals are about 
opposite the bases of the pelvics. There are no barbels. 

The teeth of the saw are lodged in sockets of calcified 
cartilage, while those in the jaws are minute and blunt. 
The saw consists in- 
ternally of three, or 
sometimes five, hol- 
low calcified carti- 
lages, in the form 
of long, tapering 
tubes, placed side 
by side, and held 
together by integu- 
ment, which is like- 
wise more or less 
hardened by the 
deposition of cal- 
careous matter. 

There is but one 
genus (Pristis), in- 
cluding several exist- 
ing species which are 
most abundant in 


almost reach the pelvic pair, but the teeth, instead of 
being implanted in sockets, are merely attached to the 
skin by an expanded and crimped base. The central 
of the three rods in the interior of the saw extends to 
the saw’s extremity, instead of stopping short; and 
from the smaller teeth at the base of the saw a 
complete gradation can be traced to the tubercles 
dotting the skin. 

Assuming, as is most probably the case, that 
saw-fishes are highly-specialised sharks, it is remarkable 
to find that the earliest known member of the family 
has a somewhat skate-like form of body, and a type of 
dentition which could not apparently be very readily 
modified into that of the existing forms. 


BEAKED RAYS 


With the family of the beaked rays (Rhinobatidz) 
we come to the first of rays and skates proper, in all of 
which the pectoral fins are so extended forwards as 
to join the head, and thts form, with the body, the so- 
called “‘ disc.” The dorsal fins are always situated 
on the tail, while the mouth is generally, and the 
__ gill-clefts always, on 
the under side of the 
body. The tail is 
long and powerful, 
with two well- 
developed dorsal fins, 
and a longitudinal 
fold on each side; 
the disc is not ex- 
cessively dilated, the 
rayed portion of the 
pectoral fins stopping 
short of the beak; 
and there is no electric 
organ. Skates and 
rays in general are 
among the most hide- 
ous and repulsive of 
all fish, and many— 


the tropical seas. especially in the 
The most familiar warmer seas—attain 
species, (FP. axtt- enormous. dimen- 
quorum) inhabits the sions; while some 
Mediterranean and inflict dangerous 
Atlantic. These wounds with their 
fishes not uncom- JAPANESE SAW-FISH tail-spines. The 
monly grow up to tooth-like tubercles 


20 feet in length, but Day records one of 24 feet; in 
such monsters the saw may be fully 6 feet in length, 
with a basal width of 1 toot. Some of the Indian 
species ascend rivers to a considerable distance beyond 
the influence of the tides. Saw-fishes use their weapon 
of offence by striking sideways through the water, and 
thus inflict terrific injuries ; and it is stated that in the 
Indian estuaries large ones have been known to cut 
bathers completely in two. After tearing off pieces of 
flesh, or ripping up the body of their victim with the 
saw, these fishes seize and swallow the smaller frag- 
ments thus detached. In the Malay region the flesh of 
one species is highly esteemed as food; and its fins, 
like those of sharks, are, after due preparation, exported 
to China. 

Fossil remains of extinct species of the genus occur 
throughout a large portion of the Tertiary ; and in an 
allied Eocene genus, Propristis, the teeth of the saw are 
not implanted in calcified sockets. A very remarkable 
type (Sclerorhynchus) has left its remains in the upper 
Cretaceous rocks of Mount Lebanon. Not only does 
this fish differ from living forms by the distinctly 
depressed form of the relatively short and broad body, 
and the backward extension of the pectoral fins, which 


on the skin frequently attain a great development, 
and are aggregated into prominent bosses or longi- 
tudinal ridges. 

Dr. Giinther writes that the mode of life of these 
fishes is quite in accordance with the form of their 
body, the true rays leading a sedentary life, moving 
slowly on the bottom of the sea, and rarely ascending 
to the surface. Their tail has almost entirely lost 
the function of an organ of locomotion, acting in some 
merely as a rudder. They swim slowly by means of 
the pectoral fins, the broad and thin edges of which 
are moved in an undulating manner, like the dorsal 
and anal fins of ordinary flat-fishes (Pleuronectiée). 

They are exclusively carnivorous, but being unable 
to pursue and catch rapidly-moving animals, feed 
chiefly on molluscs and crustaceans. The colour of 
their skins harmonises so closely with their surround- 
ings that other fishes approach near enough to be 
captured by them. The mouth of the rays being on 
the lower surface of the head, the prey is not directly 
seized by the jaws; but the fish darts over the victim 
so as to cover and hold it down, when it is conveyed 
by some rapid motions to the mouth. Rays do not 
descend to the same depth as sharks; with one 
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exception, none have been caught in MOre penn 
than one hundred fathoms. Most are coast 
fishes, and have a comparatively limited 
range, none extending from the northern 
into the southern temperate zone. Some of 
the eagle-rays are, however, more or less 
pelagic, though when met with swimming 
in the open sea itis probable that shoal- 
water is fairly near. 

As may be observed in many of the 
western lochs of Scotland, skates and rays 
are more or less gregarious. They frequently 
arrive suddenly on oyster-beds, where they 
appear to remain so long as any of the 
molluscs are obtainable. Writing of the 
species armed with caudal spines, Day 
observes that they “le concealed in the 
sand, and are reputed to be able to suddenly 
encircle fish or other prey swimming above 
them with their long, whip-like tails, and 
then wound them with their serrated tail- 
spines.”” Many rays ascend rivers to con- ‘ 
siderable distances, and some, especially in Tropical 
America, are exclusively inhabitants of fresh water. 
Nearly all lay eggs. 

HALAVI RAY 

To illustrate the typical genus of the family, which 
is represented by about a dozen species from the warmer 
seas, we take the halavi ray (Rhinobatis halavt), ranging 
from the Mediterranean and West African coasts to 
China. The depressed body passes imperceptibly into the 
tail; the snout is produced into a long beak, the space 
between which and the pectoral fin is occupied by a 
membrane; and the wide nostrils are oblique, with 
their front valves separate. The blunt teeth are 
marked by an indistinct transverse ridge ; the spineless 
dorsal fins are situated far behind the pelvics, and the 
caudal has no lower lobe. Fossil species are found 
from the upper Jurassic onwards. 


TRUE RAYS, "OR SKATES 


Represented by ten British species, all of which belong 
to the type genus (Raza), the true rays (family Rade) 
are characterised by the broad rhombic form of the disc, 
the skin of which is generally marked with tooth-like 
rugosities. The tail has a longitudinal fold on each 
side, the degree of development of the median fins 
is variable, and the rayed portion of the pectoral 
fins extends to the snout. Except in the tail, electric 
organs are wanting. Of the type genus we take the 
common British thornback (f. clavata), so named 


SAW-FISH 


SKATES 


HALAVI RAY 


because the whole of the upper surface is studded with 
claw-like spines ; the tail being also armed with longer 
spines, of which a row runs along the middle of the back. 
The prevailing colour of the upper surface is brown, 
with numerous lighter spots, while beneath it is pure 
white. 

Fossil skates of this genus are first known 
from the upper Cretaceous. At the present day the 
family is represented by three genera, each with but 
few species, from the warmer seas; and there are 
certain generic types. In this genus the tail is very 
sharply defined from the disc, which is generally 
covered with rugosities; the pectoral fins stop short 
of the end of the snout, the pelvics are deeply notched, 
with a stout front cartilaginous ray; the tail carries 
two dorsal fins, and the caudal is rudimentary or 
wanting. 

Most of these skates present sexual differences, 
which in the thornback and several other species 
display themselves in the teeth. These, in the male, 
are’ sharp and pointed, but in the female blunt and 
flattened. While the males of all species are armed with 
patches of claw-like spines lying in grooves on the 
upper surface of the pectoral fins, and frequently also 
on the sides of the head, the females of some species 
have a kind of buckler of asperities on the disc, which 
is wanting in the other sex. In other cases the varia- 
tion takes the form of a difference in colour. The 
numerous members of this genus are in the main 
characteristic of the 
cooler seas, and while 
they are more abun- 
dant in the Northern 
than “in the Southern 
Hemisphere, some of 
them approach nearer 
LOM LNG wNTCticmm alia. 
Antarctic Circles than 
is the case with any 
other rays. The flesh 
ot -all is edible, and 
many species are com- 
monly sold as food. 

The common skate 
(Raia batis), which is 
ordinarily of from 2 
to 4 feet in length, is 
greyish white in colour, 
with black specks, 
the whole upper sur- 
face being more or 
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less granulated. Buckland 


records an unusually large 
specimen, which weighed 90 
pounds. 


EAGLE-RAYS 


Known as devil-fishes, the 
eagle-ravs (family Myliobatide) 
include the largest representa- 
tives of their tribe, and are 
characterised by the extreme 
width of the disc, owing to the 
great development of the pec- 
toral fins, which are, however, 
interrupted at the sides of the 
head, to reappear as one or 
two small cephalic fins on the 
snout. The tail is slender 
and whip-like, the mouth 
straight, and the teeth, when 
present, take the form of a solid 
pavement, adapted for crushing 
the shells of molluscs and 
other hard substances. 

The eagle-rays are inhabitants 
of tropical and temperate seas ; 
and the members of some of 
the genera are remarkable for 
the development of the so-called 
cephalic fins into a pair of 
horn-like appendages, which 
are said to be employed in 
capturing prey and_ helping 
to convey it to the mouth. 
Five genera are included in the 
family, all the members of which appear to be viviparous. 

The type genus (Myliobatis) 1s represented by a 
smaller number of existing species, two of which are 
European; one of these (M. aquila) occasionally 
visiting the British coasts, where it is often termed 
the whip-ray. In this group the head is free from the 


disc, and the fin on the snout single. The large, 
flat, hexagonal teeth form a tesselated pavement, 


highly convex in the upper but flat in the lower jaw ; 
the individual teeth are arranged in seven longitudinal 
rows. The whip-lke tail, in addition to a dorsal 
fin near the root, is generally armed with a large 
barbed spine about the middle of its length. This 
almost cosmopolitan species may attain a length of 
more than 15 feet, with a weight of about 800 pounds. 
When captured, these rays lash out with their tails, 
inflicting severe wounds with the spine. 

Fossil. species of this genus occur in most of the 
Tertiary strata ; and among these one from the Eocene 
of Egypt is remarkable for its enormous size, the teeth 
of the middle row being rather more than 5 inches 
in width. Although it is difficult to form an estimate 
of the exact size of the fish to which these teeth be- 
longed, it is thought that the width of the disc must have 
been about 15 feet. 

In an allied genus (Aétobatis), now represented by « 
single widely- spread tropical species, but common * 
the Tertiary formations, the snout carries two fins, 
and the dentition comprises only a single series of 
transversely elongated teeth, corresponding to the 
central row of the typical genus. In the third genus 
(Rhinoptera), of which there are seven living and 
several Tertiary species, the so-called fins on the snout 
are also double; while the tesselated teeth form five 
or more series. 

The largest existing members of the family belong to 
the mainly tropical genera Dicerobatis and Cephaloptera, 
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devil-fish 
In the former the pectoral fins do not 


to which the name of might well be 
restricted. 
extend on to the sides of the head, which is trun- 
cated in front, and furnished with a pair of forwardly- 
directed appendages containing fin-rays, the nostrils 
being widely separated. Both jaws contain numerous 
rows of flat or tuberculated teeth ; and the whip-like 
tail has a single dorsal fin above and between the 
pelvic pair, and may be armed with a spine. In the 
second genus the mouth is terminal, and teeth are 
present only in the lower jaw. 

One of the Indian representatives of the first genus 
is known to measure fully 18 feet across the disc, and 
a weight of over 1,2« pounds has been recorded. 
Sir W. Elliot states > horn-like appendages 
‘are used by the aim: draw its prey into its 
mouth, which opens like e cavern between them. 
The fishermen [in [ndia] say they see these creatures 
swimming slowly their mouths open, 

inwards, drawing in the 


Long ith 


and flapping these great 


smaller crustaceans on whi hey feed.”” The capture 
of such hideous monsters is a work of no little difficulty 
and danger, as they are quite capable of overturning a 
boat ; and the dang r is said to be the greatest in 


the case of afemale accompanied by her single offspring. 

Curiously-ridged quadrangular teeth from the Chalk, 
described under the name of Pfychodus, appear to have 
belonged to an extin: eagle-ray. In these 
teeth the highly-polished crown is ornamented with 
large transverse or radiating ridges, surrounded by a 
more finely-marked marginal area of variable width. 
They are arranged in long linal rows. 


ELECTRIC RAYS 


Like the electric eel, the members of the family 
Torpedinide are characterised by their power of giving 
galvanic shocks; the organs from which this power is 
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STING-RAYS 


derived taking the form of 
series of vertical hexagonal | 
prisms, situated on each side | 
Giese “iront of the ‘disc 
between the head and _ the 
pectoral fins. In addition to 
this distinctive feature, these 
rays are characterised by the 
broad and smooth disc, in 
which the rays of the pectoral 
fins do not extend in advance 
f the base of the snout; while 
he median fins are well de- 
veloped. The family is repre- 
sented by several genera, 
ranging over the Mediterranean, 
and Atlantic, and Indian Oceans. 


MARBLED ELECTRIC RAY 


A well-known example of the 
typical genus is the marbled 
electric ray (Torpedo marmo- 
vata). The hexagonal prisms 
forming the electric organs are 
sub-divided into a series of 
cells by a number of delicate 
transverse partitions, the cells 
at the two ends of the prisms 
being in contact with the skin, 
and the whole structure liberally 
supplied with nerves. Inter- 
nally, each cell is lined by a 
nucleated structure, within 
which is a mass of jelly-like 
substance. 

eae: = fish ‘writes. Dr: 
Gunther, “ gives the electric 
shock voluntarily, when it is 
excited to do so in _ self- 
defence, or intends to stun or kill its prey ; 
receive the shock the object must complete the 
galvanic circuit by communicating with the fish 
at two distinct points, either directly or through 
the medium of some conducting body. It is said 
that a painful sensation may ‘be produced by a 
discharge conveyed through the medium of a stream 
ofwater.”’ Specimens measuring from 2 to 3 feet 
across the disc are stated to be able to disable a man 
by the discharge of the battery. 


STING-RAYS 


Apparently the most specialised members of the entire 
group are the sting-rays (Tvygonid@), in which the 
pectoral fins are , continued round the end of the snout. 
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so that the whole of the edge of the very wide disc 
is formed by these fins, in the centre of which are 
the more elevated head and body. The long and 
slender tail, frequently armed with a serrated 
spine, is sharply defined; and the median fins, if 
present, are either imperfectly developed or modified 
into serrated spines. The forms with armed tails, 
the sting-rays proper, inflict very severe wounds, 
dangerous not merely from the actual lesion, but 
apparently also from the presence of poison. In 
the larger kinds these spines may be as much as 
7 or 8 inches in length, and are from time to time 
shed and replaced by new ones growing from behind. 
Very numerous in species, and arranged under several 
genera, the sting-rays are more abundant i in tropical 
seas, although some range in temperate 
waters. 

The typical genus includes some twenty- 
five species one of which (Tvygon pastinaca) 
ranges from the south of England west- 
wards to America, and eastwards to Japan. 
In this group the greatly elongated and 
tapering tail is armed with a barbed, 
arrow-shaped spine, while the skin is 
either smooth or dotted over with 
tubercles; the nasal valves unite into 
a quadrangular flap; and the teeth are 
flattened. Mainly characteristic of 
tropical latitudes, these rays are most 
abundant in the Indian and Atlantic 
Oceans, although some are inhabitants 
of fresh-water lakes in Eastern Tropical 
America. 
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CHIM/EROIDS 


EPRESENTED by three existing marine genera and 
a number of extinct types, the quaint-looking 
chimeroids probably represent an early offshoot from 
the ancestral sharks. The skeleton is cartilaginous, with 
the notochord either persistent or constricted and 
surrounded by cartilaginous rings, which are some- 
times partly calcified. The upper jaw is fused with the 
skull, much as in lung-fishes. In the adult the skin is 
frequently quite naked, although in the young it may 
bear on the back a series of structures similar in 
structure to teeth, some 
extinct forms having plates 
of the same nature. In 
existing members of the 
group the optic nerves 
simply cross one another, 
and the intestine has a 
spiral valve; while further 
resemblances to sharks are 
shown by the presence of 
claspers in the males, and 
by the large size and small 
number of the single eggs. 
The four gill- clefts on each 
side are close together, and 
protected by a fold of skin 
containing a cartilaginous 
operculum. There are no 
spiracles in the adult. The 
mouth is situated at the 
end of the snout, and the 
teeth on the palate and 
lower jaw are molar-like, 
while there is also a small 
pair of cutting vomerine 
teeth in the front of the upper jaw ; the whole dentition 
superficially resembling that of the lung-fishes, although 


there are two pairs of upper palatal teeth, which 
present certain hardened areas known as ¢tritors. The 
intestine possesses a spiral valve, as in sharks, but does 
not terminate in a cloaca, as in those fishes. The 
heart is shark-like in structure. The first dorsal fin 
may have a movable spine articulated to the spinous 
processes of the vertebre, and the tail tapers into a 


thread.’ The existing members mentioned in this work 
are as follows: 
FAMILY 
Chimeridee 
GENUS 1 
Chimeera 
SPECIES 
Chimera Chimeera monstrosa 
GENUS 2 
Callorhynchus 
SPECIES 
MMNOMGRN CHIN CONG cinta scac sv e.cipleg oie areas oft ee 6 Callorhynehus antarcticus 
+ENUS 3 
Harriotta 
The form variously known as the chimera, king 
of the herrings, and rabbit-fish (Chime@va monstrosa), 
with two other existing species, typically represents the 
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family Chimerid@, which alone has survived to the 
present day. The family is characterised by the presence 
of a spine to the first dorsal fin and a prehensile spine- 
like structure on the head of the male; there are no 
superficial plates on the skull and only a single pair of 
lower teeth. The family, which contains a ‘number of 


extinct genera, dates from the Lias; the typical genus 
unknown before the latter part of the 

The living chimeras do not probably 
feet in length, and have the soft snout devoid 


being, however, 
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THE CHIMERA 

of an appendage. The dorsal fins occupy most of the 
back, and the axis of the long filamentous tail is nearly 
continuous with that of the back, its end being provided 
above and below with a long, low diphycercal fin. 
The common species (page 1664) is found in the Mediter- 
ranean and East Atlantic; while a second occurs in the 
North Pacific, a third off Portugal and in the West 
Atlantic, and a fourth off Japan. 


The common species takes its name of “ king of the 


herrings ’’ from being so frequently in pursuit of 
shoals of the herring, upon which species and other 


kinds of small pelagic fishes it chiefly subsists. It is 
said, however, also to teed on jelly-fish and crustaceans. 

The southern chimeera, or elephant-fish (Callorhynchus 
antarcticus), {rom the southern temperate seas, differs 
from the preceding genus by the presence of a cartila- 
ginous prominence, ending ina flap of skin, on the snout, 
and likewise by the upward direction of the extremity 
of the tail, which has no fin on its upper surface. 
The third genus, Harrvotta, distinguished by the extreme 
elongation of the snout, is represented by one species 
from the Atlantic, and a second from Japanese seas. 

As well-known extinct types of the family, we may 
refer to the Cretaceous and Tertiary genera Edaphodon 
and Elasmodus, the former including fishes of gigantic 
dimensions. The members of the extinct family 
Myriacanthide, of the Jurassic rocks, differ by having 
a few bony plates on the head, and three lower teeth ; 
while the Squaloraiide, as represented by Squaloraia 
of the Lias, were somewhat ray-like forms, with a 
depressed trunk and elongated muzzle, and no spines 
to the dorsal fins. 
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AltHoucH there is still some degree of uncertainty 
as to the best mode of arranging certain groups of 
the bony fishes, the following scheme may be adopted: 
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The typical bony fishes of the present day were formerly 
regarded as indicating a primary group (Teleostei) of 
equal rank with a second one known as the Ganoidei ; 
the latter containing the American bony pike and. the 
African bichir, together with a host of extinct genera 
possessing a similar armour of hard ganoid scales. 
A fuller study of these and other allied fossil forms has, 


however, shown the existence of such a complete 
transjtion from these so-called ganoids to the typical 
bony fishes that it has become necessary to include the 
whole of them in a single subclass, under the title 
heading this chapter. 

The subclass agrees with sharks and rays in the 
structure of the skull, which is formed on what may be 
termed the hinged type (hyostylic)—that is to say, the 
upper jaw remains separated from the cranium proper, 
to the hinder part of which it is movably articulated 
by the hyomandibular. The internal skeleton is more 
or less ossified, with the development of membrane- 
bones on the jaws; the gills are comb-like ; the gill- 
clefts are but slightly separated from one another, and 
are fully protected by a gill-cover, or operculum ; the 
membrane-bones of the shoulder-girdle (that is to say, 
the scapula, claviculars, etc.) are connected with the 
hinder part of the skull; and the external skeleton 
takes the form either of plates of bone or of calcified 
overlapping scales. In existing forms the eggs are 
small, numerous, and generally massed together ; the 
two optic nerves may either simply cross one another 
or may give off mutually interlacing fibres ; a swim- 
bladder—with or without a duct—is very generally 
present ; and the intestine is sometimes furnished with 
a spiral valve. 


ORDER I. STYLOPTERYGII—LOBE-FINNED GANOIDS 


"TBE first two suborders, Actinistia and Rhipidistia, 
of the order Stylopterygii, or Crossopterygii, have no 

existing representatives; but of the third, Cladistia, the 

following members are dealt with in this work: 


FAMILY 
Bichirs and their Allies—Polypterile 
GENUS 1 
Polypterus 
SPECIES 
RST MRUS IAEA Tat eter st acxan esate othe, te, Sis ocak cae MG IST, Sie ewan 8 Polypterus bichir 
GENUS 2 P. retropinnis 


Calamoichthys 
SPECIES 
PB Pee tistiwets rerio cleared siain a <loNerad “mre « vias Calamoichthys calabaricus 


The suborder Actinistia is represented by the hollow- 
spined ganoids (Celacanthid@), which range from the 
Carboniferous to the 
Jurassic, and are best 
known by the genera 
Celacanthus and 
Undina. In these fishes 
the body is deeply and 
irregularly spindle- 
shaped, with the scales 
overlapping, rounded, 
and more or less coated 
with ganoin. There is 
a gill-cover and a single 
pair of jugular plates ; 
the paired fins are ob- 
tusely lobate ; the tail is 
diphycercal, frequently 
with a small supple- . 
mental fin at the extremity; and the swim-bladder is 
ossified. The suborder Rhipidistia includes Devonian 
forms, differs in the structure-of the unpaired fins, and 
is represented by three well-defined families. In the 
first, which is typified by the genus Holoptychius, the 
lobes of the pectoral fins are long and acute, while the 
teeth have complex infoldings of the outer layer, 
somewhat after the manner of those of the primeval 
salamanders, and the scales are thin and cycloidal. 


SKELETON OF A HOLLOW-SPINED GANOID 


The second family, of which Rhizodus is the typical 
genus, differs by the lobes of the pectoral fins being 
shorter and blunter, and also by the less complicated 
infoldings of the teeth. To this family belongs Gyrop- 
tychius, from the Devonian or Old Red Sandstone of 
Scotland. While agreeing with the last in the obtusely 
lobate pectoral fins, the third family, as represented 
typically by Osteolepis of the Old Red Sandstone, is 
characterised by the walls of the teeth being slightly 
infolded only at their bases, and by the scales being 
of the true quadrangular ganoid type. Remains of 
these fishes occur in extraordinary abundance in the 
Old Red Sandstone of Scotland ; and as this deposit 
is of fresh-water origin, it is evident that they were 
either fluviatile or lacus- 
trine forms. 


BICHIRS AND 
THEIR: “ALLIES 


The survivors of the 
suborder Cladistia are 
the various species of 
bichir of the rivers of 
Tropical Africa, of which 
Polypterus bichiy of the 
Nile is the typical repre- 
sentative, and the reed- 
fish (Calamoichthys cala- 
baricus) from Old Cala- 
bar; these constituting 
the family Polypteride. 
Here the notochord is more or less constricted and 
replaced by ossified vertebre; the baseosts, or 
superior supporting elements, are rudimentary or 
wanting in the median fins ; whereas the axonosts, or 
inferior supports, form a regular series equal in number 
to the dermal fin-rays with which they articulate. 
The scales are ganoid, and the fins without fulcra. 
The dorsal fin is divided into a numberx of finlets, each 
formed by a spine in front and a series of rays behind 
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the anal fin being situated close to the diphycercal 
caudal, and the vent near the end of the tail, while 
the whole caudal region is very short. In the bichir 
the body is moderately elongated; the teeth are 
rasp-like, and arranged in broad bands in the jaws and 
on the vomers and palatines, the jaws also bearing 
an outer series of larger pointed teeth ; and the pelvic 
fins are well developed, but do not show the obtusely 
lobate structure characterising the front pair. The 
large air-bladder is double. 

The bichirs inhabit the Upper Nile and the rivers 
on the west of Tropical Africa, examples being occa- 
sionally carried down into the Lower Nile. The 
number of finlets: varies from fifteen to eighteen in the 


ORDER II. 


N this order the paired fins do not possess a thick 
central muscular lobe, but are flat, and supported by 
diverging rays. Owing to the fan-like arrangement 
thus constituted, it is usual to designate the members 


typical Nile species, which grows to three or four teet 
in length, but in all the species from the Congo the 
number is reduced, being only six or seven in P. 
velvopinnis. 

Bichirs live close to the mud of the river-bottoms, 
upon which they appear to walk with their pectoral 
fins. From-time to time, when the water is foul, they 
rise swiftly to the surface to take in a mouthful of air ; 
so that we may assume the air-bladder acts in part 
as a breathing organ. They feed on fishes, frogs, and 
crustaceans, and lay green eggs of the size of millet- 
seed. The reed-fish is a smaller form, characterised 
by the elongation of the body and the absence of 
pelvic fins. 


ASTYLOPTERYGII—FLAT-FINNED GANOIDS 


of the present order, together with those belonging to 
the next order (Teleostei), fan-finned fishes (Actinop- 
terygii). The existing members of the order mentioned 
in this work are as follows : 


SUBORDER 1 SPECIES FAMILY 
Sturgeon Tribe—Chondrostei Common sturgeon .......... 4 Acipenser sturio Lepidosteidz 
FAMILY 1 Sberlet ys vy eee ee een t A. ruthvenus GENUS 
Toothed Sturgeons—Polyodontide CUIGMGTSUUL BOON ca ketal hwre cao, oh ea wae A. huso Lepidosteus 
GENtS 1 GENUS 2 5 h SPECIES 
pioclie aig eaegehenked ESAS Pee ae be Bony PiKO Joss e6 sce ... Lepidosteus osteus 
Spoon-bill sturgeon. . ee .Polyodon folium Mississippi shovel-beaked sturgeon Seaphi- SUBORDER 3 
Prapha a rhynchus platirhynebus Protospondyli 
eine GENUS 3 FAMILY | 
Sword-bill sturgeon........ Psephurus gladius Parascaphirhynchus Bow-fin—Amiidee 
FAMILY 2 ae SPECIES GENUS 
Acipouverides White sturgeon .... Parascaphirhynchus albus Amia 
GENUS 1 SUBORDER 2 SPECIES 


Toothless Sturgeons—Acipenser 


The dermal rays of the dorsal and anal fins are more 
numerous than their supports in the suborder Chon- 
drostei, and the baseosts, or superior row of sup- 
porting ossicles of the pelvic fins, are well developed. 
In living representatives of the sturgeon tribe the 
fibres of the optic nerves do not interlace at their 
crossing, and there is a spiral valve to the intestine. 
In both the living and extinct types the tail is of either 
the diphycercal or heterocercal type. 

The sturgeon tribe is further characterised by the 
more or less completely persistent notochord, by the 
inferior and superior supporting ossicles (axonosts and 
baseosts) of the dorsal and anal fins forming a simple 
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ZEtheospondyli 


Bow-fin Amia calva 


ganoid scales, in a second and normal series the body 
was covered with such scales. 


TOOTHED STURGEONS 


The toothed sturgeons, of which there are two 
existing representatives, each forming a genus by itself, 
constitute the family Polyodontide. While agreeing 
with the other members of the group in having the 
cartilaginous skull invested with a series of superficial 
bony plates, these fishes are specially distinguished 
by possessing a median unpaired series of bones 
in this shield, by the absence of branchiostegal 
rays, the presence of minute teeth in the adult, 


MANS 


OF STURGEON, SHOWING HETEROCERCAL TAIL 


c, dorsal fin; “4 anal fin; g, pelvic fin; 4, pectoral fin 


and regular series, and also by the presence of a pair 
of infraclavicular plates in the pectoral girdle. In all 
the known forms there is a single dorsal and an anal fin, 
both of which are well separated from the caudal ; 
while in the existing members the swim-bladder is 
furnished with a duct. Although represented at the 
present solely by the sturgeons and_ their allies, the 
group was very abundant during the Secondary epoch ; 
and while the sturgeons, together with certain extinct 
families, form what may be termed a degenerate 
specialised series characterised by the absence of 


the heterocercal tail, and by the skin being either 
naked or with some scales on the upper lobe of 
the tail. 
SPOON-BILL STURGEON 

The first of the two existing genera is represented by 
the spoon-bill sturgeon, or paddle-fish (Polydon joliumy) 
of the Mississippi, which grows to a length of 6 feet, 
and is characterised by the production of the upper 
jaw into a very long spoon-like beak, with thin, 
flexible margins. The gill-cover ends in a long, 
tapering flap; the upper lobe of the tail bears a 
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numerous series of narrow fulcra; and the swim-bladder 
is cellular. 

These great fishes feed on the muddy bottoms of 
rivers and lakes, using their spatula-shaped snouts to 
stir up the surface layer and secure small organisms as 
food. These chiefly consist of small crustaceans, which 
are strained out by means of the gill-rakers. As in the 
case of whales, the throat is extremely small, and this is 
no doubt correlated 


in both instances 
with the minute 
character of the 
prey. 


A considerable 
fishery of spoon-bill 
sturgeons has been 
established in the 
lakes of the Lower 
Mississippi, chiefly 
for the sake of the 
roe, which is used 
as a substitute for 
cavmirane.. It 1s 
strained, salted, 
and packed in kegs 
of 150 pounds each, 
and by mixing with 
it a proportion of 
the roe of the true sturgeons its quality s greatly 
improved. The flesh of these fishes is sent to the 
northern cities of the United States, and after being 
dried or smoked is sold as sturgeon. Only about one 
fish in every twenty-five yields caviare. 

SWORD-BILL STURGEON 

The sword-bill sturgeon (Psephurus gladius), from 
the Yang-tse-kiang and Hoang-ho rivers of China, 
differs in the more conical form of the bill, and in the 
large size and small number of the caudal fulcra. 
Growing to an enormous length—it is said as much as 
20 feet—this fish agrees with the preceding in the very 
small size of its eyes, from which it may be inferred that 
neither hunts by sight. Indeed, in the muddy waters 
of the rivers they inhabit, eyes can be of little use, and 
no doubt this form makes use of its bill in the same way 
as the last species. Its flesh is used as an article of food. 


TOOTHLESS STURGEONS 

The typical sturgeons (Acipenseride) may be dis- 
tinguished from members of the preceding family by 
the absence of teeth in the adult, and the presence of 
five longitudinal rows of bony plates on the naked 
subcylindrical body, as well as by the presence of four 
barbels in a transverse line on the under surface of the 
snout. The latter is somewhat elongated, and either 
subspatulate or conical in form, with the small, trans- 
verse mouth on its lower surface. All the vertical fins 
are armed with a single series of fulcra on their front 
edges ; the dorsal and anal are situated at a moderate 
distance from the caudal; and the large swim-bladder 
is simple. Confined to north temperate regions, 
sturgeons are either exclusively or partially fresh-water 
fish, some of them only ascending rivers for the purpose 
of spawning, after which they return to the sea. With 
the sword-bill sturgeon, they include the largest fresh- 
water fishes of this region, several of the species 
commonly growing to 10 feet, while some are much 
larger. The females deposit enormous numbers of 
extremely minute eggs, the product of a single individual 
having been estimated at upwards of three millions 
during a season. This wonderful fecundity easily 
accounts for the vast numbers in which sturgeon, in 
spite of constant persecution, still crowd the northern 
rivers during the spawning season. 


SPOON-BILL 


In addition to the excellence of their flesh, sturgeon 
are valued for their roe, from which is manufactured 
caviare, and for their swim-bladder, the inner coat of 
which forms the basis of isinglass. In a fossil state 
sturgeons are unknown before the upper part of the 
Eocene period. All the members of the genus are 
exceedingly voracious, and the majority are mainly 
carnivorous, During the winter many or all of them 
crowd together, 
either in inlets of 
the sea, estuaries, or 
the deep pools of 
rivers, where they 
undergo a kind of 
hibernation ; and it 
is stated that in 
some localities they 
bury their noses in 
the mud, with their 
bodies and _ tails 


standing vertically 
upwards like a series 
of posts. They in- 


crease very rapidly 
in size; and the eggs 
are hatched in five 
days. 

Although still 
abundant in the northern rivers, in those of Central 
Europe sturgeon have greatly decreased in numbers, 
and few really big fish are now taken. In the 
beginning of the year, when they are still torpid, 
Sturgeon are captured by breaking the ice, and stirring 
up the mud at the bottom by means of very long poles 
armed with barbed prongs. As they seek to escape, 
some are stabbed with spears ; and iv is said that ten 
large fish may be thus taken by a single fisherman. 
In summer regular fishing-stations are established on 
the Russian rivers, where the approach of a shoal is 
heralded by a watchman. Upwards of fifteen thousand 
sturgeon have been taken in a day’at one of these 
stations ; and when the fishing is suspended for a short 
time, a river of nearly four hundred feet in width and 
five-and-twenty in depth has been known to be com- 
pletely blocked by a solid mass of fish. 

TRUE STURGEONS 

The common sturgeon (Acipenser sturio) is the 
typical representative of the first genus, in which the 
rows of bony plates remain distinct from one another on 
the tail, spiracles are present, the upper tail-lobe is com- 
pletely surrounded by fin-rays, and the snout is 
either short or developed into a narrow beak of 
moderate length. 

There is some doubt as to the exact number of species 
of sturgeons, as these fish vary considerably according to 
their age, but it is probable that there are nearly twenty 
different kinds. Among the better-known forms one 
of the most esteemed is the sterlet (A. ruthvenus), 
which, although rarely exceeding a yard in length, 
yields better-flavoured flesh and finer caviare than any 
of the others. It is characterised by its narrow, pointed 
snout, and the great number of bony plates (sixty to 
seventy) on the sides of the body. Common in the 
Black Sea and Caspian, and their rivers, the sterlet is 
also found in the Siberian streams, while it ascends 
the Danube as far as Vienna. 

In contrast to the sterlet may be noticed the giant 
sturgeon, or hausen (A. huso). Possessing from forty 
to forty-five lateral bony plates, this species may be 
readily distinguished by the absence of shields on the 


STURGEON 


short, pointed snout. It is found in the Black Sea, 


Caspian, Sea of Azov, and their tributaries, and occa- 
sionally enters the Mediterranean. At one ime this 
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sturgeon was to be met with in the Danube by thousands, 
specimens over 24 feet in length being by no means 
uncommon ; but relentless slaughter has greatly re- 
duced not only their numbers, but likewise their size, 
although even now fish of from 1,200 to 1,500 pounds 
weight are occasionally taken. These, however, are mere 
pigmies to certain Russian examples, one of which is 
stated to have weighed 2,760, and asecond 3,200 pounds. 

Migratory in its habits, this sturgeon crowds into 
It appears 


the Russian rivers as the ice is breaking up. 


THE STERLET 


that only full-grown fish ascend some rivers, as no small 
ones are found in the Danube ; but in the Volga these 
sturgeon are stated to remain during the winter in a 
semi-torpid condition. Although extremely powerful, 
the hausen is an inactive and timid fish, fleeing even 
from the diminutive sterlet, and passing much of its 
time on the mud at the river-bottom, though rising 
occasionally to swim near the surface. It is omnivorous, 
feeding on vegetable substances, other fish, especially 
various kind of carp, and even waier-fowl. Its isinglass 
is inferior to that of the common sturgeon. 

Rarely visiting the British coasts, where it is a 

‘royal ”’ fish, the latter species has only from twenty-six 
to thirty-one lateral plates, and from eleven to thirteen 
down the middle of the back; the snout being pointed, 
and about equal to one-half the length of the head. 
It is a widely distributed form, frequenting both 
Atlantic coasts, but absent from the Caspian, although 
found in the Black Sea. In Italy it ascends the rivers 
from March to May ; and while in that country it does 
not commonly exceed 5 or 6 feet in length, specimens 
of upwards of 18 feet are on record. 


SHOVEL-BEAKED STURGEONS 


The four species of the genus Scaphirhynchus (which 
must not be confused with the toothless sturgeons) 
differ from those of the preceding genus by the pro- 
duction of the snout into a spatulate beak, by the 
narrow and depressed hinder portion of the tail being 
completely covered by the bony plates, by the absence of 
spiracles, and by the fin-rays not surrounding the 
extremity of the upper lobe of the tail, which terminates 
in a long filament. Of the four species, one (S. platy- 
rhynchus) is restricted to the Mississippi river-system, 
while the others inhabit the rivers of Central Asia, all 
*being exclusively fluviatile in their habits. 

The white sturgeon of Illinois (Paruscaphirhynchus 
albus) is a new species described comparatively recently, 
and taken as the type of a new genus. It is distin- 
guished from the ordinary shovel-beak by its uniformly 
light colour, long small eye, long and narrow snout, 
bare under ‘parts, small and numerous plates, and a 
larger number of fins. 


BONY - PIKES 


The bony pikes of the fresh waters of North America 
constitute a family (Lepidosterd@) which forms the sole 


existing representative of a distinct suborder (A%theo- 


spondyli). The tail is of the abbreviated heterocercal 
type—that is to say, while its fin is more or less 
nearly symmetrical, the vertebral column, which 
retains its primitive tapering extremity, runs into 
the upper half. The scales are either typically 
ganoid or rounded and distinctly overlapping. The 
Swim-bladder is connected with the cesophagus 


the optic nerves simply cross one another, 
interlacing of their fibres, and there 
valve to the intestine. The 
the bony pike may be 


by a duct, 
without any 
is a_ spiral 
suborder including 


distinguished from the next by the full 
ossification of the internal skeleton; the 
scales being always of the typical quad- 


rangular ganoid type, and the branchiostegal 
rays having no gular plate in advance of them. 

‘As a family, the bony pikes, as repre- 
sented by the common species (Lepidosteus 
osteus) are distinguished from all other fish 
by having the bodies of the vertebra convex 
in front “and concave behind, instead _ of 


being biconcave. The fins are furnished 
with fulcra, the dorsal and anal consisting 


of soft rays only, and being placed far back, 
near the caudal, which is of the abbreviated 
heterocercal type; while the trunk is much longer than 
the abdominal portion of the vertebral column, 
and the branchiostegal rays are comparatively few. 
The body is elongate and subcylindrical; the long 
snout spatulate or beak-shaped; the cleft of the 
mouth wide ; and the palate and jaws armed with bands 
of rasp-like teeth, and also with larger conical ones. 
There are four gills and three branchiostegal rays on 
each side, and the air- -bladder is cellular. 

Bony pike, of which there are three existing species, 
are now confined to North and Central America and 
Cuba; but they are represented in the European 
Eocene, and by allied extinct genera in the Eocene and 
Miocene strata of the United States, one of these also 
occurring in the French Eocene. The existing forms 
grow to a length of 6 feet, and are carnivorous, feeding 
upon smaller fishes. They are often known by the 
name of gar-pike, although that title is best restricted to 
a totally different group. 

These fishes are very to the 


inimical spoon-bill 


THE 


BONY PIKE 
sturgeon fishery, geviing enclosed in the nets, and 
breaking their way out with much damage. When it 


is remembered that they often attain a length of 8 feet 
and a weight of 200 pounds or more, the extent of the 
mischief can readily be imagined. As many as 30,000 
are said to have been taken at one time in Lake 
Washington, their carcases being left on the banks. 
It has been suggested that their mail-clad skins might 
with adv antage “be used for the manufacture of orna- 
mental leather, as in the case of the crocodile. 
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BOW-FINS 


The bow-fin (Amiacalva) 
of the fresh waters of the 
United States is the sole 
existing representative of a 
second and larger subordinal 
group (Protospondyi),differ- 
ing from the last by the 
imperfect ossification of the 
skeleton, the notochord. 
being either persistent 
throughout life, or, if partly 
replaced by vertebre, those 
in front of the caudalregion 
have their bodies composed 
of three distinct elements 
(pleurocentra and _ inter- 
centrum), which remain 
separate and alternating 
even when fully developed. 
The lower jaw is complex, 
and composed of several 
pieces ; in the pectoral arch 
the infraclavicular plate is 
absent ; and the pectoral 
fin has more than three 
basal elements belonging to 
the true internal skeleton ; 
while the tail is always abbreviated heterocercal. 

Together with three extinct genera, the bow-fin 
constitutes a family (Amizd@), characterised as follows: 
The lower jaw has its suspending arrangement directed 
backwards, and the cleft of the mouth is wide; the 
degree of ossification of the vertebre is variable, 
although these often form complete discs; the body 
is elongate or fusiform; the margins of the jaws are 
armed with an outer series of large and conical teeth, 
internally to which are smaller ones ; fulcra to the fins 
are either wanting or of minute size; and the dorsal 
fin is of variable, although usually of considerable 
length. Having the scales thin, somewhat rounded, and 
overlapping, the bow-fin represents a genus in which 
there are no fulcra, and the long dorsal fin occupies 
three-fourths the length of the body, while the anal fin 
is short, the caudal rounded, and the throat furnished 
with a single gular plaie, followed by a number of 
branchiostegal rays. 

The single existing species of the genus (Ama calva), 
which attains a length of 2 feet, is confined to the 


fresh waters of the United States, where it is exceed- 
ingly abundant in some of the northern lakes; but 
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THE BOW-FIN 
remains of extinct species have been obtained, not only 
from the Eocene rocks of the same country, but also 
from the upper Eocene and Miocene strata of Europe. 
Carnivorous in its diet, preying upon other fish, aquatic 
crustacean, sand insects, the bow-fin is capable of 
living for fully an hour out of water, and when in its 
native haunts, especially where the water is foul, 
comes frequently to the surface to breathe. There 


GIANT AND COMMON STURGEONS 


can be no doubt that the large swim-bladder serves as 
alung. When near the surface, it often utters a bell- 
like note, probably due to the passage of air from the 
swim-bladder. 

The breeding season, during which the colours of the 
fish are more brilliant, begins early in the spring, when 
the bow-fins leave the deep waters of the lakes and resort 
to sunny shallows, where rushes, flags, and other water- 
plants are abundant. Before spawning, the shoals 
divide into small parties, each consisting of one female 
and several males, a curious reversal of the usual order 
of things. The nest is made some time before spawn- 
ing, but the way in which it is constructed is not de- 
finitely known. It is stated by fishermen to be formed 
by the fish swimming in circles among the weeds and 
rootlets, pressing these together into a mass com- 
parable to a roughly-made bird’s nest. 

When the nest is ready, the female visits it several 
times in company with one or more of her partners, 
until spawning is completed. The fertilised eggs are 
sticky and cling firmly to the materials of the nest. 
The eggs being safely fixed, a male takes charge of 
the nursery, and by constantly swimming round it 
sets up currents which no doubt keep up a constant 
supply of oxygenated water, thus promoting hatching, 
which takes place within twenty-four hours after the 
eggs are laid. The fry leave the nest in a compact 
swarm, in charge of the male, round whom they con- 
stantly swim. He gradually leads his numerous off- 
spring further and further from the nest, looking after 
them with exemplary care, and guarding them as far as 
possible from the attacks of the numerous foes that 
prey on young fishes. They are ultimately left to their 
fate, but the parental solicitude bestowed upon them 
in their tenderest hours must promote a larger survival 
than would otherwise be the case. 

Megalurus, from the upper Jurassic, is an allied 
extinct genus with a short dorsal fin and fulcra ; while 
the Jurassic Eurycormus and Liodesmus likewise belong 
to the same family. The family is represented by 
Amiopsts in the Cretaceous rocks, while the type genus 
Amia is first found in the Eocene of both Eurore and 
North America, persisting in the latter until the present 
time. 
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TELEOSTEI—BONY FISHES 


GENERAL CHARACTERISTICS 


N the order Teleostei are included the vast majority of 
existing fishes, including most of the familiar species 
used as food or valued for purposes of sport. The 
general shape of the body in typical cases—such as 
salmon, mackerel, and cod—is eminently adapted torapid 
progression, and the externally symmetrical (homocercal) 
tail facilitates swimming at the same level without 
steering. A study of the development and internal 
anatomy, together with an examination of extinct 
types, shows that the tail is internally unsymmetrical, 
and that the stock has been derived from fishes with 
unequally lobed (heterocercal) tails like those of sharks 
and sturgeons. 

The external part of the paired fins, which are used 
as delicate steering organs, is flat, and almost entirely 
supported by bony fin-rays developed in the skin, 
while the basal supports (pterygia) are much reduced. 
Except in the latter character these fins are similar to 
those of the flat-finned ganoids (Astylopterygii), on 


which account the two orders are sometimes grouped 
together as fan-finned fishes (Actinopterygu, see page 
1679). The unpaired fins resemble the paired ones 
in structure. 

In most cases the scales are thin, flexible, and over- 
lapping, lending themselves to rapid sinuous move- 
ments and diminishing friction, which is further 
reduced by the slimy nature of the skin. The internal 
skeleton is well ossified, and the vertebre distinct, 
their bodies being usually biconcave. ; 

The intestine (except in Chirocentrus) has no spiral 
valve, and it opens directly to the exterior, not into a 
cloaca; there is no spiracle, and the deeply-cleft 
comb-like gills are protected by a gill-cover supported 
by a very complete set of bones; there is no arterial 
cone to the heart (except in Albula); and the optic 
nerves simply cross =yithout interchange of fibres. 
These fishes hatch out as larve, which are often very 
unlike the adult. 


CLASSIFICATION 


OF TELEOSTEIL 


MENTIONED IN THIS WORK 


ORDER FAMILY 6 GENUS 3 
Ordinary Bony Fishes—Teleostei Osteoglossidse rT - Serie 
a y GENUS 1 pees 
GROUT Pil . pee European smelt .......... Osmerus eperlanus 
Tube-bladdered Fishes—Physostomi SPECIES American smelt_.............. O. viridescens 
SUBORDER 1 True arapaima eee Paes Arapaima gigas Candle-fish oe erase decne esas oO. thaleichthys 
Salmoni-Clupeiformes GENUS 2 GENUS 4 
r Barbelled Arapaimas—Osteoglossum Coregonus 
FAMILY 1 Peper Ly SPEROIRS 
Tarpons and their Allies—Elopidas Barramundi eee Osteoglossum leichardti GWYRIGG clown cme cine ares Coregonus pennantii 
GENUS 1 Jardine’s arapaima ...........-.- O.jardinei Powan «1.2... see eee seen eee C. clupeoides 
Elops * GENUS 3 Vendace C. vandesius 
SPECIES Heterotis POUR aiieisra crew rr amceies < eSOe NRE C. pollan 
EDH-DOUMOOE (5 v.05 sie. seks winnie Elops saurus SPECIES SCHON DOY owcion sawienv cera ee C. oxyrhynchus 
West African tarpon .......,...++- E. lacerta  Small-mouthed arapaima . . Heterotis nilotica Wartmann’s coregonus ........ C. wartmanni 
GENUS 2 MEFABGS 0 vk serie cee ee eraseien C. lavaretus 
Megalor3 FAMILY 7 Pigmy marane ........ ere C. albula 
SPEOIES isel-jaws—Pantodontidee .GENUS 9 
Giant tarpon ............Megalops atlanticus —-- GENUS Grayling—Thymallus 
Indian tarpon ..............M. cyprinoides Pantodon 4 SPECIES 
FAMILY 2 SPECIES Common grayling . we teee - Thymallus vulgaris 
Lady-fishes— Albulide Chisel-jaw .......... ..Pantodon buchholzi os 
ai big FAMILY 8 \ SPECIES ; 
SPROLES Herring Tribe—Clupeidse Capelin .v¢ees mas essa Mallotus villosus 
Lady-fish ............Albula conorhynchus GENUS 1 ee 
a GENUS 2 ares! Chirocentrus Retropinna 
Bathythrissa SPECIES GENUS 8 
SPECIES Dorah® «aiincscmaree nce ; Chirocentrus dorab Stenodus 
Long-finned herring ....Bathythrissa dorsalis GENUS 2 , 
= fee 3 Se Typical Herrings—Clupea FAMILY 10 
AMILY : SPECIES os = ; 
African Beaked Fishes—Mormyride Herring’ s...ccsecvenencnes. Clupea harengus isi aes vaso 
GENUS 1 Sorat. < casa tea ares tae C. sprattus Alepocephalus 
_— BHAA? oS oc.c i Ga seeiteneme ee Mowtonn ae C. — SPECIES 
SPECIES Aslige-shivdh +. procs asic fo tasiaenie mas C. alosa x sh-hes ; 
Nile beaked fish............ Mornyras peteret. Sat Pe tetas tetas PO Aeon eng cap asta ook mie Alepocephalus niger 
Sharp-snouted beaked fish 5 .M. oxyrhynchus GENUS 3 FAMILY 11 
GENUS 2 Fresh-water Herrings—Diplomystus ; : 
Genyomyrus eee ape bala that eee aig 
GENUS 3 Anchovies—Engraulis 3ENUS 
Gnathonemus SPECIES = eee 
GENUS 4 mmon anchovy ....Engraulis encrasicholus ; : PECIES 
Mormyrops Co y GENUS e Silvery-light fish ...... Photichthys argenteus 
GENUS 5 Coilia Geeta 
Marcusenius auliodus 
GENUS 6 FAMILY 9 GENUS 3 
Myomyrus Salmon Tribe—Salmonids Hedgehog-mouths—Echiostoma 
GENUS 7 GENUS 1 SPECIES — 
Gymnarchus Typical Salmon—Salmo Barbed hedgehog-mouth Echiostoma barbatum 
ied Sal mien? Salmo sal Astronesth 
Serres . SALMON” Sisteninix dave, suie gare same Salmo salar ronesthes 
Moon NAT ale Sea-tROUt 53.5.0 8s natkows acre evens S. trutta GENUS 5 
Hyodon River-trout +... farlo Stomias 
SPECIES SaWelie vies. vist sas oe an Cee S. cambricus Fidel 6 
Silvery moon-eye..........+- Hyodon tergisus aa SINR Ct TIL eae alacosteus 
FAMILY 5 : BONA Lior cetipce © Soak nets eee S. salvelinus FAMILY 12 
Feather-backs—Notopteridxe Noruhenn Char". insiax aa am nares S. alpinus Beaked Salmon—Gonorhynchidas 
GENUS North American charr .......... S. fontinalis GENUS 
Notopterus FIUCHO™ "xc Hersbme cre enan a + chee 8. hucho Gonorhynchus 
SPECIES GENUS 2 SPECIES 
Bornean feather-back ..Notopterus borneénsis Quinnat Salmon—Onchorhynchus Beaked salmon ........ Gonorhynchus greyj 
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SUBORDER 2 
Carp, Cat-fishes, ete.—Cyprini-siluriformes 
FAMILY 1 
Electric Eels—Gymnotide 
GENUS 
Gymnotus 
SPECIES 
miersvn cia ears Gymnotus electricus 


FAMILY 2 
Cat-fishes—Siluridse 
- GENUS 1 
Sac-gilled Cat-fishes—Saccobranchus 
GENUS 2 
Silurus 
SPECIES 
Wel Siiietelteiticls cralecie cian cere ...Silurus glanis 
GENUS 3 
Bagarius 
SPECIES 
Yarrell’s cat-fish............ Bagarius yarrelli 


Electric eel 


HL Ger tie Arius australis 


SPECIES : 
aA ESOT Pimelodus pati 


Bagrus 


BSAA Ric erctelow. wate toe oe tee 8s 6 Bagrus bayad 
: GENUS 7 
Electric Cat-fishes—Malapterurus 


GENUS 
Mailed Cat-fishes—Callichthys 
GENUS 9 
Armoured Cat-fishes—Loricaria 
GENUS 10 
Doras 


FAMILY 3 
Carp Tribe—Cyprinids 
GENUS 1 
SPECIES 
Baa Ao toe Catostomus elongatus 
GENUS 2 
True Carp—Cyprinus 
SPECIES 
Se eae s Shares Cyprinus carpio 


Blacksucker 


Common carp 


Carassius 
SPECIES 


Crucian carp Carassius vulgaris 


RROIMEHICATD: Soho ardent aleve bale ae C. auratus 
GENUS 4 é 
Barbels—Barbus 
SPECIES 
European barbel ............ Barbus vulgaris 
WEATISECT See cic tess as a (elsyorMisievere sis B. mosal 
GENUS 5 
Gudgeons—Gobio 
SPECIES 
British gudgeon ............ Gobio fluviatilis 
GENUS 6 
Leuciscus 
SPECIES 
HROAC ows reve e\r cl eiwic e Oats relate Leuciscus rutilus 
SAO DS eS Se rn ne L. cephalus 
DACC melee Ree oc tO hoes © ooxls eeiaie L. vulgaris 
GCI Retna tats peels Ing dus cise pi Stopshe- ers L. idus 
MUG Carey ae cists evayevena “eis earirets 6 L. erythophthalmus 
IMIG West navea cd sree re steerer ci BG “6 sc L. phoxinus 
GENUS 7 
Tench—Tinca 
SPECIES 
MLONCE Ye re vcusta.c ticle coke elerstere aie. e7s.5 Tinca vulgaris 
GENUS 8 
Beaked Carp—Chondrostoma 
SPECIES 
Beaked carp .... sl celes Chondrostoma nasus 
GENUS 9 
Rhodeus 
SPECIES 
ivterling <7... ee are Rhodeus amarus 
GENUS 10 
Abramis 
SPECIES 
GCommonibream™ 2. ..02 053.6. Abramis brama 
WAILCADICAIM slap tare e checidheite e-file A. blicca 
GENUS 11 
Aspius 
SPECIES 
RADII reiciic losis ste ace rare eras Aspius rapax 
GENUS 12 
Alburnus 
SPECIES 
Bleak, tesics.s Biers Gatien dealtoe ...Alburnus lucidus 
GENUS 13 
Pelecus 
SPECIES 
Sichel 


5 Oe ODT OOS: KaoIO Pelecus cultratus 
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GENUS 14 
Misgurnus 
: SPECIES 
Giantiloachits .. asatecsateeen Misgurnus fossilis 
GENUS 15 
Nemachilus 
SPECIES 
Common loach........ Nemachilus barbatulus 
GENUS 16 
Cobitis 
: SPECIES 
Spimyyloachhusevemiscc eee Cobitis tenia 
GENUS 17 
Gastromyzon 
SPECIES 
......Gastromyzon borneénsis 
FAMILY 4 
Characinoid Fishes—Erythrinidz 
GENUS 
Serrasalmo 
SPECIES 
American piLayaljacdee jase Serrasalmo piraya 


SUBORDER 3 
Eels and their Allies—Anguilliformes 
FAMILY 1 
Murenidz 
GENUS 1 
Murzena 
SPECIES 
eleveicaretaystevasere Murena helena 


Bornean loach 


HME nomads 5 


GENUS 2 
True Fels—Anguilla 
SPECIES 
Common eel vim ciactes «6% Sire Anguilla vulgaris 


Congers—Conger 
SPROIES 
Common! congeras.. saree. «e Conger vulgaris 
GENUS 4 
Deep-sea Congers—Synaphobranchus 
GENUS 5 
Saccopharynx 
FAMILY 2 
Symbranchidee 
GENUS 1 
Amphipnous 
SPECIES 
Amphibious eel........../ Amphipnous cuchia 
GENUS 2 
Monopterus 
GENUS 3 
Symbranchus 
SPEOIES 
Bengal short-tailed eel ........ Symbranchus 
bengalensis 


SUBORDER 4 
Pike-like Fishes—Esociformes 
FAMILY 1 
Galaxiidee 
GENUS 1 
Galaxias 
SPECIES : 
Southern pikelet........ Galaxias attenuatus 
GENUS 2 
Neochanna 


FAMILY 2 
Southern Salmon—Haplochitonide 
GENUS 
Haplochiton 
SPECIES 
ZFebra-salmMon «..s5. occ Haplochiton zebra 
FAMILY 3 
Killie-fishes, or Cyprinodonts—Cyprinodontidz 
GENUS 1 
Cyprinodon 
GENUS 2 
Anableps 
SPEOIRS 
Double-eye........ . Anableps tetrophthalmus 


FAMILY 4 
Pike—HEsocidee 


FAMILY 5 
Scopeloids—Scopelidze 

GENUS 1 

Scopelus 
SPECIES 

Phosphorescent sardine....Scopelus engraulis 

GENUS 2 
Ipnops 

GENUS 3 

Plagyodus 


1705 


GENUS 4 
Harpodon 
SPECIES 
ummalow es eee Harpodon nehereus 


FAMILY 6 
Blind-fish—Amblyopsid ee 
GENUS 1 
Ambl!yopsis 
SPECIES 
Kentucky blind-fish...... Amblyopsis speloea 
GENUS 2 
Chologaster 
GROUP 2 
Closed-bladdered Fishes—Physoclisti 
SUBORDER 1 
Spine-finned Fishes—Acanthopterygii 
FAMILY 1 
Perch Tribe—Percidee 
GENUS 1 
True Perches—Perca 
SPECIES 
Common sperchin...nescstie are Perca fluviatilis 
AIMETICAIN ELCs eyeta a eseneite o. P. flavescens 
TMirkestaneperc he senna ieee P. schrenki 
GENUS 2 
Pike-Perches—Lucioperca 
GENUS 3 
Ruffes—Acerina 
SPECIES 
British: Turtle sree, ete eiee here Acerina cernua 


Percarina 
FAMILY 2 
Centrarchidee 
GENUS 
Centrarchus 
FAMILY 3 
Bass and Sea-Perches—Serranidee 
GENUS 1 
Centrogenys 
GENUS 2 
South American Perch—Percichthys 
GENUS 3 
Bass—Morone 
SPECIES 
Common’ bass! snc occas Morone labrax 


Centropristes 
GENUS 5 
Anthias 
GENUS 6 
Typical Sea-Perches—Serranus 
SPECIES 
S@a-perch ascetics cuprates Serranus scriba 
GENUS 7 
Polyprion 
SPECIES 
Stone-bassinicrsveri toe Polyprion cernuum 


INS xpereh scatter stapsvse sack ainaes siete Lates niloticus 
Gndivne perchige. . cuter nee I. calearifer 


Psammoperca 
FAMILY 4 
Scaly-finned Fishes—Cheetodontidee 
GENUS 1 
Cheetodon 
SPECIES 
Bristly chetodon .......... Cheetodon setifer 
Three-banded cheatodon........ C, trifasciatus 
Single-banded chetodon ........ C. fasciatus 
GENUS 2 
Heniochus 
SPECIES 
Heniochus) da. Heniochus macrolepidotus 
Horned) hemiochus Wyecteeries sci H. varius 
GENUS 3 
Holacanthus 
SPECIES 
Emperor-fish .s:.0056 Holacanthus imperator 
Indo-Malayan zebra-fish...... H. diacanthus 
FAMILY 5 
Archer-Fishes—Toxotidee 
GENUS 
Toxotes 
SPECIES 
Slapatssese p ougte eos Toxotes jaculator 


FAMILY 6 
Red Mullets—Mullidce 


Archer-fish 


GENUS 1 

Mullus 

SPECIES 
Common red mvllet........ Mullus barbatus 
Striped red mullet .......... M. surmuletus 


HARMSWORTH NATURAL HISTORY 


FAMILY 7 
Sea-Breams and Snappers—Sparidee 
GENUS 1 
Cantharus 
SPECIES 
Cea Ea te Cantharus lineatus 
GENUS 2 
Haplodactylus 
GENUS 38 
Sargus 
SPECIES 
Common sargo .........0-- Sargus annularis 
Sheep’s-head sargo S. ovis 


Black sea-bream 


PUG RERG Dis isss catia amarte ys Pagrus auratus 
Mediterranean gilt-head .......... P. vulgaris 
ERD PEO oem oo acce wesita he et Os P. unicolor 
PANT Wh Vatatsors Cis ce Nestea Ahora he we P. argyrops 
SPRMIONIOSE SOQUCAN, cA ngs cueloan asiale P. major 
GENUS 5 
Pagellus 


SPECIES 


Sea-bream Pagellus centrodontus 


FAMILY 8& 
Thick-rayed Perches—Cirrhitide 
GENUS 1 
Cirrhites 
GENUS 2 
Chorinemus 
GENUS 3 
Cirrhitichthys 
SPECIES 
Cirrhitichthys marmoratus 
GENUS 4 
Long-fins—Chilodactylus 
* SPECIES 
Australian long-fin. .Chilodactylus macropterus 
GENUS 5 
Latris 
SPECIES 
ERUMIDCLORAHAN © icin so as 0,0, 0 80:8 Latris necatia 
FAMILY 9 
, Scorpzenas —Scorpeenide 
GENUS 1 


Scorpeena 
SPECIES 


Spotted firm-fin .. 


GENUS 3 
Pterois 
SPECIES ; : 
Long-finned pterois .......... Pterois volitans 
FAMILY 10 
Teuthididce 
GENUS 
Teuthis 
SPECIES 


FAMILY 11 
Berycoids, or Slime-heads— Berychidze 
GENUS 1 
Myripristis 
SPECIES 
Ln ROR renee re Te Myripristis murdjai 
GENUS 2 


Teuthis .. Teuthis striolata 


Melampheés 
GENUS 4 
Trachichthys 
SPECIES 
Traill’s trachichthys ...... Trachichthys trailli 
GENUS 5 
Anoplogaster 
GENUS 6 
Polymixia 
GENUS 7 
Holocentrum 
GENUS 8 
Monocentris 
GENUS 9 
Aphredoderus 
SPECIES 
Pitate perch” Vike. stoi Aphredoderus sayanus 
FAMILY 12 
Curtide 
GENUS 1 
Curtus 
GENUS .2 
Pempheris 
SPECIES 
Pempheris mangula 
GENUS 3 
Polynemus 
SPECIES 
Polynemus plebejus 


FAMILY 13 
Scienoids—Scienide 
GENUS 1 
Pogonias 
SPECIES 
GENUS 2 
Umbrina 
SPECIES 


Pogonias chromis 


Umbrina cirrhosa 
GENUS 3 
Scizena 
SPECIES 

Eypleal MGagra: Goaccce cr pies Sciaena aquila 


FAMILY 14 
Sword-fishes—Xiphiid« 
GENUS 1 
Xiphias 
SPECIES 
European sword-fish ........ Xiphias gladius 
QENUS 2 
Histiophorus 
SPECIES 
Indian sword-fish ...... Histiophorus gladins 
Black-finned sword-fish .... H. immaculatus 
Short-snouted sword-fish ...... H. brevirostris 


FAMILY 15 
Scabbard-Fishes and Hair-tails—Trichiuride 
GENUS 1 
Lepidopus 
SPECIBS 
SCapDardSAsh.* ood... es Lepidopus caudatus 
GENUS 2 
Hair-tails—Trichiurus 
GENUS 3 
Barracudas—Thyrsites 
SPECIES 
New Zealand barracuda........ Thyrsites atun 
FAMILY 16 
Surgeons—Acronuridz 
GENUS 
Acronurus 


FAMILY 17 
Horse-Mackerels—Carangids 

GENUS 1 

Caranx 

SPECIES 
Sead, or British horse-mackerel ...... Caranx 
trachurus 

GENUS 2 

Pilot-fish—Naucrates 

SPECIES 

Pilot-fish' ; siss <stex sees eee Naucrates ductor 


Psettus 
FAMILY 18 
Dories—Cyttids 
GENUS 
Zeus 
SPECIES 
FONT DOL. ccisiccere ects ee Cen aves ure Zeus faber 


FAMILY 19 
Stromateida 
GENUS 
Stromateus 
FAMILY 20 
Corypheenidee 
GENUS 
Coryphzena 
SPECIES 
5a Smee ess Coryphena hippurus 
FAMILY 21 
Mackerels—Scombridee 
GENUS 1 
True Mackerels—Scomber 
SPECIES 
Common mackerel ........ Scomnber scombrus 
Southern mackerel........ 8. pneumatophorus 
Spanish mackerel o.. cece bie piers os 5. colias 
GENUS 2 
Tunnies—Thunnus 
SPECIES 
Common tuna). 654. us ewes an Thunnus thynnus 
BORNG: ccckeacud s RAS ER SeM CUR Sees T. pelamys 
ANDICONG: 56.5. sisi) sv/arss «3 © oo ieee 'T. albicora 
GENUS 3 
Sucking-Fishes—Echeneis 
SPECIES 
Ecbeneis remora 
BE, naucrates 


FAMILY 22 
Stargazers and Weavers—Trachinide 

GENUS 1 

Pseudochromis 
GENUS 2 

Bathydraco 
GENUS 3 

Uranoscopus 

SPECIES 
Stargazer. gre snace ches Uranoscopus scaber 


Coryphena 


GENUS 4 
Weavers—Trachinus 
SPECIES 
Greater weaver, or sting-bull. .Trachinus draco 
Lesser weaver Seeek, Vipera 
GENUS 5 
Latilus 
GENUS 6 
Pinguipes 
GENUS 7 
Lopholatilus 
SPECIES 
Thhle-fishe<s0 5% Lopholatilus chamceleonticeps 
FAMILY 23 
Angler-Fish and their Allies—Lophiide 
GENUS 
Anglers—Lophius 
SPECIES 
British angler-fish ........ Lophius piscatorius 
FAMILY 24 
Bull-Heads and Gurnards—Cottide 


GENUS 1 
Cottus 

SPECIES 
Bull-head, or miller’s thumb ....Cottus gobio 
BGASCORPIOIN oc toma cia els ae vinnie wale C. scorpius 
BOGHGE-TARher uo 2 sais < scidoln es anales & C. bubalis 
Four-horned cottus .......... C. quadricornis 

= GENUS 2 

Gurnards—Trigla 

SPECIES 
GG GUSTER «6c. cues ncasde ds seus Trigla pini 
Sapphirine gurnard .............. T. hirundo 
LDGEaG at sta sig et ofa care ere dais als ei aes T. lyra 
GEGY GUENRNE sos ice cccowemsewe T. gurnardus 
Streaked gurnard:. ....ccecmencsseas T. lineata 

GENTS 3 

Pseudochromis 


FAMILY 25 
Flying Gurnards and Allies—Dactylopteride 

GENUS 1 

Dactylopterus 
SPECIES 

Flying gurnard........ Dactylopterus volitans 
GENUS 2 
Dragon-Fishes—Pegasus 


SPECIES 
Australian dragon-fish ........ Pegasus natans 
Indian dragon-fish. ....iicnes ac snaees P. draco 
Chinese dragon-fish .....sesescess P. volitans 
FAMILY 26 
Lump-suckers—Cyclopteride 
GENUS 
Cyclopterus 
SPECIES 
DUMp-SUGKGE ices <s woons Cyclopterus lumpus 


FAMILY 27 
Gobies and Mud-Skippers—Gobiidz 
GENUS 1 
Gobies—Gobius 


SPECIES 
SEOHIOD MODY Soe Se cow wn ca Gobius fluviatilis 
Spottadigoby . 6. casas cee ce we G. minutus 
Glantgoby <......isheeeanc cac wacs G. capito 

GENUS 2 

Aphia 

SPECIES 

European goby .............04 Aphia pellucida 


GENUS 3 
Mud-Skippers—Periophthalmus 


SPECIES 
Mud-skipper ...... Periophthalmus koelreutei 
Burmese mud-skipper............ P. schlosseri 
GENUS 4 
Callionymus 
SPECIES 
Dragonet .s.0cs. We Wee Callionymus lyra 


FAMILY 28 
Blennies—Blenniide 
GENUS 1 


Blennius 
SPECIES 
Eyed blenny. .csccse ewes Blennius ocellatus 
Smooth DIEMDY .-.< ceaGecie caeee oe B. pholis 
Fresh-water blenny ....0..0:<00s.0« B. vulgaris 
Wie Resi bie as \che,.5 50 ona OR CREME I B. gattorugine 
Ss GENUS 2 
Viviparous Blennies—Zoarces 
SPECIES 


European viviparous blenny . . Zoarces viviparus 
American Viviparous blenny ....Z, anguillaris 
GENUS 3 
Pholis 
SPECIES 
Butter-fish, or gunnel ........ Pholis gunnellus 
GENUS 4 

Wolf-Fishes—Anarrhichas 
SPECIES 
Common wolf-fish.......... Anarrhichas lupus 
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FAMILY 29 


Barracuda-Pikes—Sphyreenidss 
GENUS 
Sphyreena 
: SPECIES 
Barracuda-pike............ Sphyrena vulgaris 
FAMILY 30 
Sand-Smelts—Atherinide 
GENUS 
Atherina 
SPECIES 
Common sand-smelt ...... Atherina presbyter 


FAMILY 31 
Grey Mullets—Mugilidee 
GENUS 
Mugil 
SPECIES 
Common grey mullet............ Mugil capito 
FAMILY 32 
Gar-Fish and Flying-Fish—Scombresocide 
GENUS 1 
Belone 
SPECIES 
pi ercar-fish’ so ei cln ariee boc Belone vulgaris 
GENUS 2 
Scombresox 
SPECIES 
Saury, or skipper.......... Scombresox saurus 
GENUS 3 
Half-Beaks—Hemirhamphus 
GENUS 4 
Flying-Fish—Exoceetus 
SPECIES 
wea vane fiSh cvoesis ie onsi6's Exoccetus evolans 
FAMILY 33 
Sticklebacks—Gastrosteidee 
GENUS 1 
Spinachia 
SPECIES 
wea stickleback... 025. 6 son. Spinachia vulgaris 


Gastrosteus 
SPECIES 
Three-spined stickleback ........ Gastrosteus 
aculeatus 
Four-ssined stickleback G. spinulosus 
Nine-spined stickleback.......... G. pungitius 
United States stickleback ..G. noveboracensis 
FAMILY 34 
Sucker-Fishes—Gobioescidz 
GENUS 
Lepadogaster 
SPECIES 
Two-spotted sucker-fish ........ Lepadogaster 
bimaculatus 


FAMILY 35 
Serpent-Heads—Ophiocephalidz 
GENUS 1 
Ophiocephalus 
SPECIES 
The serpent-head ...... Ophiocephalus striatus 
GENUS 2 
Channa 
FAMILY 36 


Labyrinth-Gilled Fishes—Anabantide 
GENUS 1 
Anabas 
SPECIES 
SOD Doon OUoS Anabas scandens 
GENUS 2 
Polyacanthus 
SPECIES 
PSS che Polyacanthus opercularis 
GENUS 3 
Osphromenus 
SPECIES 
(Chimenitle sae qe capodocshan Osphromenus olfax 
O. nobilis 


Climbing perch 


Paradise-fish 


FAMILY 37 
Pomacentridze 
GENUS 
Pomacentrus 
SPECIES 
Silver-dotted pomacentrus ...... Pomacentrus 
scolopsis 
FAMILY 38 
Wrasses—Labridz 
GENUS 1 
Labrus 
SPECIES 
Striped WIasse. «6... oe wrens ow Labrus mixtus 
AMAT SES. 0 58) 0 0 6We oe ce cls ci L. maculatus 


GENUS 2 
Crenilabrus 

SPECIES 

ae ete een NCR rd Crenilabrus melops 
GENUS 3 
Tantoga 
SPECIES 

Bla Ck-ASh) wre tome eer Tantoga onitis 
GENUS 4 
Scarus 
SPECIES 

Mediterranean parrot-wrasse . .Scarus cretensis 


FAMILY 39 


Viviparous Wrasses—Embiotocidze 
GENUS 1 
Ditrema 
' SPECIES 
Silvery viviparous wrasse. .Ditrema argenteum 
GENUS 2 
Heterocarpus 


FAMILY 40 
Cichlids—Cichlidas 
GENUS 
Chromis 
SPECIES 
Butiotncwceenitc ti aimee Chromis niloticus 
Mristramsicichlidiky everest crete C. tristrami 


SUBORDER 2 
Tuft-Gilled Fishes—Lophobranchii 


FAMILY 1 
Mailed Tube-mouths—Solenostomatide 
GENUS 
Solenostoma 
SPECIES 
Blue-finned tube-mouth ........ Solenostoma 
cyanopterum 


Gold siiny 


FAMILY 2 
Pipe-Fishes and SeasHorses—Syngnathidze 
GENUS 1 
Syngnathus 
SPECIES 
Great pipe-fish..<scae aces Syngnathus acus 


Siphonostoma 
SPECIES 
Deep-nosed pipe-fish ....Siphonostoma typhle 
Australian pipe-fish. .<......... S. intestinalis 
GENUS 3 
Doryichthys 
GENUS 4 
Nerophis 
SPECIES 
Straight-nosed pipe-fish. ... Nerophis ophidium 
GENUS 5 
Gastrotokeus 
GENUS 6 
Typical Sea-Horses—Hippocampus 
SPECIES 
Short-snouted sea-horse........ Hippocampus 
brevirostris 
GENUS 7 
Australian Sea-Horses—Phyllopteryx 
SPECIES 
Seaweed-like sea-horse ....Phyllopteryx eques 


SUBORDER 3 
Comb-Gilled Fishes—Plectognathi 


FAMILY 1 
File-Fishes and Coffer-Fishes—Balistidee 
GENUS 1 
Triacanthus 
SPECIES 
Indian file-fish........ Triacanthus brevirostris 
GENUS 2 
Trigger-Fishes—Balistes 
SPECIES 
Drumming trigger-fish...... Balistes aculeatus 
GENUS 3 
Coffer-Fishes—Ostracion 
SPECIES 
Four-horned coffer-fish. . Ostracion quadricornis 
FAMILY 2 
Globe-Fishes and Sun-Fishes—Diodontidse 
GENUS 1 
Triodon 
SPECIES 
Sac-fiSiiiery remte arte crctoterevererale Triodon bursarius 
GENUS 2 
Small-spined Globe-Fishes—Tetrodon 
GENUS 3 
Large-Spined Globe-Fishes—Diodon 
SPECIES 
Porcupine globe-fish .......... Diodon hystrix 
Spottediglobe-fishion . ste1q0 snes ss D. maculatus 


GENUS 4 
Sun-Fishes—Orthagoriscus 
SPECIES 
Sgveveis pusieate Orthagoriscus mola 
GENUS 5 
Ranzania 
SPECIES 
SET SC Ranzania truncata 


SUBORDER 4 
Soft-Finned Fishes—Anacanthini 


Rough sun-fish 


Oblong sun-fish 


FAMILY 1 
Lycodidz 
FAMILY 2 
Gadideze 
GENUS 1 
Gadus 
SPECIES 
CO” Senet yet Sere Gadus morrhua 
Haddock Sagres cache etn acres G. eglefinus 
IWiNTGING isn ates caer eee G. merlangus 
Wihiting-pouitay orate aeeremtemtersmicrs G, luscus 
POWECOd: cornish hier iene ....G, minutus 
Whiting-pollackae... eee tne G. pollachius 
Coal-fisil cio cn irae nee arene ees G, virens 
GENUS 2 
Merluccius 
SPECIES 
TAK Orc. eRe te: oraeaeeee ere Merluccius vulgaris 
Southern hake’... ave anemones M. gayi 
GENUS 3 
Lota 
SPECIES 
Burbotoreel-pout™ 12.2). 4.ns Lota vulgaris 
GENUS 4 
Molva 
SPECIES 
Ling 2hc7 tee cee eee Molva vulgaris 
GENUS 5 
Rocklings—Motella 
SPECIES 
Five-bearded rockling........ Moteila mustela 
Hour-bearded nockling 2vee. eee see M. cimbria 
Three-bearded rockling ........ M. tricirrhata 
FAMILY 3 
Sand-Eels and their Allies—Ophidiide 
GENUS 1 
Cave-Fish—Lucifuga 
GENUS 2 
Brotula 
GENUS 3 
Typhlonus 
GENUS 4 
Aphyonus 
GENUS 5 
Snake-Fishes—Ophidium 
GENUS 6 
Genypterus 
GENUS 7 
Parasitic-Fish—Fierasfer 
GENUS 8 
Encheliophis 
GENUS 9 
Sand-Eels—Ammodytes 
SPECIES 
Ihesserssand-cels cera Ammodytes tobianus 
Greatersand-celu emetic sicren:: A. lanceolatus 
FAMILY 4 
Flat-Fishes—Pleuronectidz 
GENUS 1 
Psettodes 
SPECIES 
PMOCVEN acaainnooocaators town 6 Psettodes erumei 
GENUS 2 
Hippoglossus 
SPECIES 
Halibutir ie sate stereritine Hippoglossus vulgaris 
GENUS 3 
Rhombus 
SPECIES 
UTDOt yas enteeibenierenie Rhombus maximus 
IB PiU ceca cerraeronr aac cone ae cents R., levis 
Marys Ole me icern.c-tatieies rene -oretent eke R, aquosus 
GENUS 4 
Pleuronectes 
SPECIES 
IPLALC OS racstore sverelsl wsiaane ctor Pleuronectes platessa 
ASLOMIN COIS srcccnsis isrcss operetta sien te P. flesus 
GENUS 5 
Soles—Solea 
SPECIES 
SOLE a ictererehas Se Oe ae Solea vulgaris 
emMmonesole. ware esuacdon nme S. aurantiaca 
BaMdedwsOlews on-premise S. variegata 
WD WATHGOLEM aes outer ont sinicioboci taser S. minuta 


TELEOSTEI—GROUP I. 


PHYSOSTOMI 


TUBE-BLADDERED FISHES 


N the group Physostomi the swim-bladder, when 

present, has a duct communicating with the 
stomach or cesophagus, while the pelvic fins are 
always abdominal, and the parietal bones are usually 
in contact with each other. All the fin-rays are 
soft and jointed, with the exception of the first in the 


dorsals and pectorals, which may be ossified into spines. 
The members of the first suborder (Salmoni-clupei- 
formes) are the most primitive existing Teleostei, 
approaching such ganoids as the bow-fin (Amia) in 
some respects. The maxillary bone generally helps to 
form the margin of the upper jaw. None of the fins 
possesses spiny rays, and the pelvics are abdominal— 
placed far back. 

Three extinct Mesozoic families (Leptolepide, Pholi- 
dophoridz, and Oligopleurid@) embrace a 
number of small primitive fishes, which help 
to fill the gap between Teleoste1 and simpler 
types. 

TARPONS AND THEIR ALLIES 


The family Elopide includes the most 
generalised members of the suborder. The 
scales are not easily shed, as in herrings; 
the small dorsal fin is placed in the middle 
of the back, and the pectoral fins are set 
on close to the under side of the body. 
There are 10 to 16 rays in the pelvic fins. 
The mouth is large, and the very small teeth 
are all similar. The remains of fishes belong- 
ing to the family abound in the Cretaceous 
rocks (Osmeroides and LElopopsis), while the 
two existing genera (Elops and Megalops) first 
make their appearance in lower Eocene strata. 

The ten-pounder (£lops saurus) is a hand- 
some silvery fish widely distributed through 
tropical and subtropical seas, and particu- 
larly abundant off the coast of the southern United 
States. The young are extremely unlike the adults, 
being fragile ribbon-shaped creatures. An allied species 
(E. lacerta) is found on the west coast of Africa, and 
ascends rivers, having been found far up the Congo. 

The second existing genus (Wegalops) has larger 


scales than the preceding, and the last ray of the dorsal 
fin is drawn out into a long filament. The gigantic 
tarpon (M. atlanticus), which attains a length of six feet 
and a weight of 110 pounds, ranges from the south-east 
coast of North America to Brazil. It is caught with 
rod and line from boats, and affords notable sport, 
leaping out of water like 
the grey mullet. The 
scales are over two inches 
broad, and are effectively 
used in Florida for fancy- 
work. The allied but 
smaller ox-eye (M. cypri- 
notdes) of India is much 
prized as food, and is 
sometimes kept in tanks 
for culinary purposes. 


LADY-FISHES 


The fishes included in 
the family Albulide are 
blunt-snouted, with small 
mouths and thick lips. 
Small, sharp teeth are 
borne on the edges of the 
jaws, and there are large, 
blunt crushing teeth 
within the cavity of the 
mouth. The pectoral and 
pelvic fins closely resemble 
those of the last family. 
The family is undoubtedly represented in Eocene strata, 
and possibly dates from the Cretaceous period. There 
are only two existing genera (A/bula and Bathythrissa). 

The lady-fish (A/bula conorhynchus) is widely dis- 
tributed on the shores of tropical and subtropical 
seas, and its food consists chiefly of bivalve molluscs, 
which are crushed by its powerful teeth. It is almost 
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unique among Teleostei in the fact that the heart 
possesses a small arterial cone, a chamber of the heart 


PETER’S BEAKED FISH 


which succeeds the ventricle and is characteristic of 
the lower groups of fishes. In this case the conus, 
a waning structure, is short and provided with two rows 
of valves. The lady-fish hatches out as a transparent 
band-shaped larva, something like that of the eel. 
Adults are from 20 to 20 inches in length, and weigh 
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SILVERY MOON-EYE 


from 3 to Io pounds. They are fished for with living 
bivalves, affording good sport. 

_ The second existing genus of the family (Bathythrissa) 
includes a form, the long-finned herring (B. dorsalis) 
from the deeper parts of the Japanese seas. 


AFRICAN BEAKED FISH 


The very remarkable fish Mormyrus petersi is a repre- 
sentative of a large group of fresh-water fishes (family 


BORNEAN FEATHER-BACK 


Mormyrid@) confined to Tropical Africa. These fishes 
are especially distinguished by a large air-filled space 
on either side of the brain-case in the auditory region. 
The anterior vertebre are simple and unmodified ; and 
a subopercular bone is present in the _ gill-cover. 
Externally both the body and tail are covered with 
scales, but the head is naked, and the snout has no 
barbels. In the upper jaw the middle portion is 
formed by the united premaxille, and the sides by the 
mawxille; the gill-opening is reduced to a small slit ; 
there are no false gills; and the swim-bladder is simple. 
A fatty fin is wanting; and whereas in the typical 
and several other genera all the other fins are well 
developed, in Gymnarchus the caudal, anal, and pelvic 
fins are wanting, and the tail tapers to a point, 
instead of terminating in a deeply-forked fin. The 
eye are ill-developed, andsometimes covered _ 

by thick translucent skin. As a set-off 
against this, the sense of touch is unusually 
keen, while a relatively large brain is 
correlated with considerable intelligence. 
The flesh of these fishes is much esteemed as 
food. 

The beaked fishes are divided into 
numerous genera, distinguished from one 
another by the characters of the dentition, 
the length of the dorsal fin, and the form of 
the snout, and so forth. The figured species 
belongs to a group in which the dorsal fin is 
relatively short, scarcely exceeding the anal 
in length, while the snout is long and bent 
down. From its nearest allies the species 
in question is distinguished by the production 
of the extremity of the lower jaw into 
an elongated, conical, dependent, fleshy 
appendage, nearly equal in length to half 
the head. In colour the skin is dark brown, 
relieved by two lighter cross-bands between 
the dorsal and anal fins. 

In the genus Genyomyrus, from the 
Congo, both jaws are prolonged into a 
tube-like beak; and in some species of the allied 
Gnathonemus this beak, which may be bent downwards, 
exceeds half the length of the body. On the other hand, 
in Mormyrops, Marcusenius, and Myomyrus, of the 
Congo, there is no distinct beak. Some of these fishes 
grow to a length of between 3 and 4 feet, but others 
are comparatively small. In form the above-mentioned 
West Africari Gymnarchus is eel-like; its Jaws being 
armed with a series of incisor-like teeth, and its Jength 


reaching to upwards of 6 feet. The eggs are deposited 
in a floating nest, guarded by the male. All the 
genera are furnished with a pair of organs on the 
sides of the tail, which are electric in function. 
Each consists of an oblong capsule, divided by vertical 
partitions into a number of chambers filled with a 
gelatinous substance. One of the species (Mormyrus 
oxyrhynchus) from the Nile is frequently depicted 
in the frescoes of the ancient Egyptians. 

The forms with large mouths, like Mor- 
myrus and Gymmnarchus, feed on fish and 
crustaceans, the rest on smaller prey. 


SILVERY MOON-EYE 
Externally, the silvery moon-eye (Hyodon 


tergisus), the sole representative of the 
family Hyodoniide, has the body 
covered with cycloid scales, the head 
naked, and no _ barbels. The margin 
of the upper jaw is formed by the 
premaxille in front and the maxille 
at the sides, the latter bones being 


articulated to the former at the point of junction ; 
and all the elements of the gill-cover are 
present. There is no fatty fin, and the short 
dorsal is placed in the caudal region, above the fore 
part of the longer anal; the caudal fin being forked. 
The gill-openings are wide; the stomach is horseshoe- 
shaped, the intestine short, and the swim-bladder simple ; 
false gills being absent. The body is oblong and 
compressed, with a part of the lower surface forming 
a sharp edge; and the cleft of the mouth is somewhat 
oblique ; all the bones of the palate bearing small 
teeth, and the edges of the tongue carrying a 


larger series. Before their extrusion, the eggs 
fall into the cavity of the abdomen. This fish 
grows toa length of from 1 foot to 18 inches, 
and is confined to the fresh waters of North 


CHISEL-JAW AND MOON-EYE 


America, being abundant in the lakes and rivers 
east of the Rockies. : 


FEATHER-BACKS 


from the peculiar form of the dorsal fin certain fresh 
and brackish water fishes from West Africa and the 
Oriental region, one of which (Notopterus borneénsis) is 
shown in the illustration, have received the not in- 
appropriate name of feather-backs. They constitute 
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a family (Notopteridc) differing from,.all the others in 
this section by the tail being tapering and fringed in- 
feriorly by a continuation of the anal fin. Both the body 
and the head are covered with small scales; barbels are 
wanting ; the margin of the upper jaw is formed in 
front by the premaxilla and at the sides by the maxilla ; 
and the opercular bones are incomplete. There is no 
fatty fin, and the dorsal, when present, is very short, 
and situated in the caudal region ; the pelvic pair being 
rudimentary or wanting. The swim-bladder 1s divided 
internally into several compartments, and terminates at 
each end in a pair of narrow prolongations, of which 
the anterior ones are in communication with the organ 
of hearing. A further peculiarity is that the spawn falls 
into the cavity of the abdomen previous to its extrusion 


ARAPAIMAS 


The large tropical fresh-water fishes, Osteoglosside, 
collectively known as arapaimas (although this name 
properly belongs to the Brazilian species) present a 
curious general similarity in their geographical dis- 
tribution to existing lung-fishes, although in the 
present instance one of the genera has a much wider 
range than either of the lung-fishes. As suggestive of 
the northern origin of the present group, it is note- 
worthy that an arapaima exists in Sumatra, and also 
that an extinct genus (Dapedoglossus) occurs in the 
Eocene strata of the United States. 

Externally, these fishes have the body covered with 
large, hard scales, of a mosaic-like structure; the 
lateral line being formed by wide openings of the 
mucus canal, and the scaleless head nearly covered 
with roughened ossifications of the skin. The margin 
of the upper jaw is formed both by the premaxille 
and maxillz, the gill-openings are wide, and false gills 
are wanting. The long dorsal closely resembles the 
anal fin, over which it is placed in the caudal region 
of the body; both coming very close to the tail-fin, 
with which they may unite as an abnormality. In 
structure the swim-bladder may be either simple or 
divided into cells. 

The true arapaima (Avapaima gigas) of Brazil and 
the Guianas, the sole representative of its genus, 
is the largest fresh-water bony fish, its length not 
infrequently exceeding 15 feet, while its weight may be 
more than 400 pounds. Asa genus it is distinguished 
by the broad cleft of the mouth, in which the lower 
jaw is very prominent, and the absence of barbels, as 
well as by the rounded lower surface of the body and 
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THE DORAB 


the moderate length of the pectoral fins. Besides small 
conical teeth on the margins of the jaws, there are 
rows of rasp-like teeth not only on all the bones of the 
palate, but on the tongue and hyoid bones. 

In spite of its enormous dimensions, the arapaima 
is captured by the natives of Brazil with a hook and line; 
its flesh being highly esteemed as food, and in a salted 
condition largely exported. It is also taken by being 
struck with an arrow, to which a line is attached. 
A party go out in a boat, and row about until a fish is 


sighted, when the bow and arrow are brought into 
requl ition. ; 
The four representatives of the typical genus 


Osteoglossum may be distinguished from the last by 
the presence of a pair of barbels to the lower jaw, the 
obliquity of the cleft of the mouth, the sharp lower 
surface of the body, and the greater length of the 
pectoral fins. Of the four species one is American, 
and has the same distribution as the true arapaima, 
a second occurs in Sumatra and Borneo, and the other 
two are Australian. “The two latter have, however, but 
a very local distribution, one (O. J/eichardti) being 
confined to the rivers of Queensland, where it is known 
to the natives as the barramundi, or Dawson River 
salmon ; while the second (O. javdinez), distinguished by 
the absence of a spine to the anal fin, inhabits the 
rivers discharging into the Gulf of Carpentaria. The 
flesh of both these species is highly esteemed as an 
article of food. 

The third genus of the family, including only a 
single species ‘(Heterotis Weotica), differs from both the 
foregoing in the comparatively small size of the cleft 
of the mouth, and also in the approximate equality of 
the length of the jaws, on which there is only a single 
series of teeth. These are also present on the pterygoid 
and hyoid bones, but wanting on the vomer and pala- 
tines. A further peculiarity is to be found in the 
presence of a peculiar spiral organ on the fourth gill- 
arch ; and the swim-bladder differs from that of the other 
members of the family in its cellular structure, while the 
stomach comprises a membranous and a muscular 
portion. This fish is found alike in the upper Nile and 
in the rivers of Western Africa, and grows to about 
2 feet in length. 


CHISEL-JAWS 

The chisel-jaw (Pantodon buchholzt), of the family 
Pantodontide, is native to the rivers on the west 
coast of Africa, and takes its name from _ the 
strong dental armature of the jaws. Closely related 
to the arapaimas, this fish has the body covered with 
relatively large scales, and the sides of the head with 
bony plates; the margin of the upper jaw being 
formed in front by the united premaxille, and at the 
sides by the maxilla. The short dorsal fin is situated 
still further back than in the last genus, its front margin 
being considerably behind that of the rather longer 
anal; both the pectoral and pelvic fins are very tall, 
the rays of the latter forming isolated filaments, and 
the caudal is long and pointed, 
with some of its rays projecting. 


The snout is blunt, and the 
cleft of the mouth © directed 
upwards. In the gill-cover 
there is only an opercular and 
a preopercular bone, the gill- 
openings are wide, and the 


branchiostegal rays are numer- 
ous. False gills are absent; the 
swim-bladder is simple ; and the 
ovaries of the female, and the 
corresponding organs of the op- 
posite sex, are furnished with a 


duct. This fish, which measures only eat 3 inches 
in length, is in the habit of “ flying,” or, rather, 
parachuting, after the manner of the flying-fishes, 
and is the only fresh-water species endowed with 


this power. 


HERRING TRIBE 


Of great commercial importance, the herring tribe, 
family Cluperd@, are remarkable for the enormous 
number of individuals by which several of the species 
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are represented rather 
than for the multiplicity 
of the species them- 
selves; this being one 
of the chief reasons for 
their value as a_ food 
supply. Although the 
existing representatives 
of the family may be 
readily distinguished 
from salmonoids by the 
absence of a fatty fin, 
yet extinct forms indi- 
cate such an intimate 
connection between the 
two groups as to induce 
some naturalists to.in- 
clude both in a single 
family. 

In addition to the 
absence of the fatty fin, 
most herrings are cha- 
racterised by small vent- 
ral bony plates. The 
whole body is scaled, with the lateral line mostly wanting, 
while the head is generally naked, and the snout always 
without barbels. The under surface is more or less 
compressed, and generally so much so as to form a 
sharp edge, usually serrated. In the gill-cover the four 
elements are present, and the gili-openings are generally 
very wide. Both premaxille and maxille enter into 
the formation of the margin of the upper jaw, but each 
of the latter bones is peculiar in being composed of 
three separate pieces. The single short dorsal fin has 
a small or moderate number of weak rays, and the anal 
may be many-rayed. The stomach is furnished with 
a blind sac ; the swim-bladder is more or less simple ; 
and well-developed false gills are usually present. 

Distributed through all temperate and tropical seas, 
herrings are mainly shore-fishes, none of them inhabit- 
ing deep water, and none being truly pelagic. Although 
most are marine, many will enter fresh water, and 
some live permanently therein, while it is probable 
that all can be acclimatised to such conditions. As 
might have been expected from their generalised 
structure, herrings are an ancient group, the typical 
genus dating from the period of the Chalk, while 
anchovies and other existing*generic types are known 
from the Eocene. A number of allied Cretaceous genera 
connect the family with the higher ganoids. Unlike 
that of other food-fishes, the spawn of herrings sinks. 


THE DORAB 


The dorab (Chirocentrus dovab), which ranges from 
the Red Sea to the Malay Archipelago, is the first of 
what we may term the herring and salmon group. 
ln common with the herrings, this fish has but a single 
true tail-vertebra. Externally the body is covered 
with thin deciduous scales; barbels and a fatty fin are 
alike lacking; but the elements of the gill-covers are 
fully developed. The margin of the upper Jaw is 
formed partly by the premaxille and partly by the 
maxillze, which are firmly welded at their junction ; the 
short dorsal fin is situated in the caudal region of the 
vertebral column above the much longer anal, the 
tail is deeply forked, the pelvic fins are minute, the 
lower surface of the body is sharp, the gill-opening 
wide, and false gills wanting. The upward direction of 
the cleft of the mouth, which is armed with formidable 
teeth, coupled with the elongation of the lower jaw, 
gives a rather peculiar expression to the head, and 
the eyes are remarkable for being covered with skin. 
The stomach is furnished with a blind apnendage, 
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HERRINGS 


BRAZILIAN ARAPAIMA 


the intestine is short, and the air-bladder cellular. As 
this fish attains a length of fully a dozen feet, it is 
a sufficiently formidable monster, and when captured 
is said to bite viciously at every object within its 
reach. Its flesh is of poor quality. 


TYPICAL HERRINGS 


The common herring (Clupea harengus) belongs to a 
group of genera characterised by the equality in the 
length of the two jaws, the presence of free fatty lids 
to the eyes, and the serration of the lower border of 
the hinder part of the body ; typical herrings being 
distinguished from allied genera by the anal fin being of 
moderate length, with less than thirty rays, and the 
serration of the under surface beginning from the 
chest or point of origin of the pectoral fins. Usually 
the scales are of moderate or large size, although they 
may be small; the cleft of the mouth is of medium 
width ; and if teeth are present at all, they are rudimen- 
tary and deciduous. In position the dorsal fin is 
opposite the anal, and the caudal is deeply forked. 

Represented by some sixty species, the genus has a 
distribution coextensive with that of the family; but 
while the flesh of the majority of its representatives is 
of excellent quality, that of some tropical forms may 
be poisonous. In the case of such a well-known fish as 
the common herring, it will be superfluous to give 
any description, but it may be mentioned that this 
species may be distinguished from its allies by the 
presence of a patch of small ovate teeth on the vomer. 
It has also the dorsal fin situated exactly midway 
between the extremity of the snout and the longest ray 
of the caudal fin, and the pelvic fins are directly under 
the dorsal. Whitebait are mostly the young of this 
species and the sprat. ; 

Common to both sides of the cooler regions of the 
Northern Atlantic, the herring ranges eastwards to the 
seas on the north of Asia. Associating in shoals 
numbering millions of individuals, it feeds upon 
crustaceans, worms, insects, and the young and eggs 
of other fishes, as well as those of its own kind. “‘ During 
the day,’ writes Mr. J. M. Mitchell, “‘ the shoals are 
sometimes observable near the surface, and may be seen 
playing on the water, as the fishermen call it, making a 
ripple—a dark roughness similar to what we may see at 
the beginning of a slight breeze, this being somewhat 
observable without the appearance of either whales 
or birds. The passing near or over them of a boat or 
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ship makes them instantly dart off in every direction, 
leaving the appearance of long trails of light, if at 
night. We have been informed by fishermen of 
Newhaven that the herrings take considerable flights 
out of the sea; off Stonehaven, in the month of 
September, one of these men having seen a shoal, 
after the spawning season, rise up out of the water 
in a vast mass of many yards in extent, sparkling and 
flashing and flying several feet above the surface. 

“‘On some of the coasts, as on those of Norway, the 
herring-shoals are frequently accompanied or pursued 
by numbers of whales and aquatic birds, which are all 
occupied in preying’on them. ‘The large dark masses 
of the whales rising and blowing and throwing up great 
quantities of the herring into the air, sparkling and 
glittering in the clear winter day, the constant move- 
ments of the birds, with their shrill notes, achy ak 
engaged in seizing their easily-obtained food, vying wit 
man in their attacks on the countless myriads of 
herrings, form a most wonderful sight. When the 
herrings swim near the surface, if it is calm weather, the 
sound of their motion is distinctly heard at a small 
distance, and at night their motion, if rapid, causes a 
beautiful bright line from the phosphorescent quality 
of the skin. 

The much smaller sprat (C. sprattus), so abundant 
on the Atlantic coasts of Europe, differs by the absence 
of vomerine teeth ; while the shad (C. finta), shown in the 


lower figure of the illustration on this page, may be. 


-distinguished by having one or more black blotches 
on the sides. In this species, which not only frequents 
the European coasts, but ascends rivers, and is 
‘abundant in the Nile, 
the bony gill-rakers, of 
which there are from fe 
twenty-one to twenty- § 
seven on the horizontal 
portion of the outer 
gill-arch, are short and 
stout. On the other 
hand, in the similarly 
spotted allice-shad (C. 
alosa) the gill-rakers 
are very long and fine, 
and number from sixty 
to eighty on the part 
mentioned. Both the 
shads are considerably 
larger than the herring. 
While in both herring 
and sprat the opercular 
bone is smooth, in the 
pilchard or sardine (C. 
pilchardus) this part is 
marked by ridges radi- 
ating towards the sub- 
opercular. This species 
is abundant in the 
English Channel, the 
seas of Spain and Portugal, and the Mediterranean ; 
Vigo Bay being noted for its sardine fishery. 


FRESH-WATER HERRINGS 


Especial interest attaches. to the Australian fresh- 
water herrings (Diplomystus), which differ from the 
typical genus in having a series of bony plates similar to 
those on the lower surface between the back of the 
head and the dorsal fin, since a similar type of fish has 
been long known in a fossil state, having been obtained 
from the Cretaceous rocks of Brazil and Syria, and the 
lower Tertiary of the United States and Britain. The 
persistence at the present day of this ancient type 
of herring in the fresh waters of Australia is an 
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HERRING, SPRATS, AND SHAD 


instance of the survival of primitive forms of life in 
that region. 
ANCHOVIES 

Fhe common anchovy of the Mediterranean (Engrau- 
lis encrasicholus) is the typical representative of a 
second widely-spread genus, with over forty species, 
differing from the last by the more or less nearly 
conical snout projecting beyond the lower jaw, and 
also by the eyes being covered with skin; while the 
cleft of the mouth is deep and the tail-fin forked. In 
most cases each side of the body is ornamented with a 
broad longitudinal stripe. The common anchovy is 
met with off the south-western coasts of England, but 
wandets still further to the north, and serves to supply 
the markets of the world. Some species have the rays of 
the pectoral fins produced, and thus lead on to the allied 
Oriental genus Cozlia, in which the foremost rays of 
these fins are filamentous, and the exceedingly long 
anal fin extends backwards to join the caudal. 


SALMPON TRIBE 


In the salmon tribe (family Salmonide), which 
includes the finest and “ gamest”’ of all fresh-water 
fish, the margin of the upper jaw is formed by the pre- 
maxillz in front and by the maxille at the sides. Asa 
rule, the body is scaled, while the head is invariably 
naked ; the under surface of the body being rounded. 
Inhabiting both salt and fresh waters, those species 
which spend a part or the whole of their existence in 
rivers or lakes are in the main confined to the temperate 
and Arctic zones of the Northern Hemisphere, although 
one outlying genus (fetvopinna) occurs in New Zealand. 
The majority of the 
purely marine forms 
are deep-sea fishes, and 
two genera are entirely 
| pelagic in their habits. 
A considerable number 
of the species inhabit- 
ing fresh waters 
; descend periodically or 
occasionally to the sea; 
and in some Cases it is 
perhaps rather difficult 
= to say whether these 

fishes should be _ re- 
garded as marine of 
fresh-water. 

All the salmonoids 
are remarkable for the 
excellent quality of 
their flesh, which in 
many forms is of a 
more or less strongly 
marked pinkish hue, 
due to the crustaceans 
on which these  car- 
nivorous fishes so 
: ; largely feed. Fossil 
marine salmonoids are possibly represented by some 
Cretaceous fossils, but the oldest undoubted repre- 
sentatives of the family occur in the Miocene strata. 

The more typical members of the family have the 
parietal bones of the skull separated from one another 
by the supraoccipital, but in Coregonus and Thymallus 
they unite together in front of it. There is, however, a 
genus (Stenodus) in which both conditions exist, so 
that there is no justification for making the union of 
the parietals a reason for referring Coregonus to a 
separate family. In all cases the supraoccipital 
extends forwards to join the frontals, and is thus 
quite different from the condition obtaining in the 

~  “soids. 
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CLOBE-FISH, COPPER-FISHES, AND SMALL 
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SIPONIBIDY (EILONS} 


E-FISH 


In their normal state the globe-fishes have rather elongated, cylindrical bodies, but they are able to assume a glcbular form by swallowing air, which 
passes into the esophagus and blows out the whole animal like a balloon,’’ 
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LEATHER-CAR 


YPICAL MEMBER )f HE GARI TRIBE 
The members of the carp tribe are mostly omnivorous, although a few are purely vegetarian. Some of them prefer muddy situations, where their barbels 


are probably of assistance. On account of their more cleanly feeding habits the flesh of the carp is superior to that of the cat-fishes 
\ ] 
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kinds of water-birds.’* 
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FLAT-FISHES 


HALIBUT, BRILL, FLOUNDER, PLAICE, AND SOLES 


“Flarfishes tegin life as perfectly symmetrical larvee, which at first swim about like ordinary fishes. They then gradually tilt over, take to ground- 
feeding, and become unsymmetrical, the eye of the shaded side migrating to the surface exposed to the light.”’ 
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TYPICAL SALMON 

Having the dorsal nearly or quite opposite the pelvic 
fins the members of the typical genus Salmo are char- 
acterised by the small size of the scales of the body, 
the strong and fully-developed teeth, and the presence 
of not more than fourteen rays in the anal fin, and of 
numerous blind appendages to the intestine. The 
cleft of the mouth is always deep, the maxilla extending 
up to or beyond the line of the eye. Conical teeth are 
present not only on the margins of the jaws, but like- 
wise on the vomer and palatine bones, as well as on the 
tongue, although there are none on the pterygoids. The 
eggs are remarkable for their relatively large size, and 
the young, like those of most or all the other genera, are 
marked with dark cross-bars. In the male the lower 
jaw is more developed than in the females, and at 
certain seasons may be developed into an upturned 
hook. The genus is confined to the colder portions 
of the Northern Hemisphere, its southern limits in the 
Old World being the rivers of the Hindu Kush and the 


_ Atlas range, and in America the rivers flowing into the 


head of the Gulf of California. 

The food value of salmonoids has led to various 
attempts to introduce them into the Southern Hemi- 
sphere, the fertilised eggs being kept during transport 
in a state of arrested development by the use of ice. 
British and American firms have in this way been 
successfully established in Tasmania and New Zealand. 
In the case of the latter country, 
Wir. AC. Rutherford concludes 
that greater success is likely to 
attend the introduction of the 
North Pacific salmonoids than that 
of Salmo salay, which is a more 
delicate fish, unlikely to find what 
it requires in an ocean so far re- 
moved from its native habitat. In 
regard to trout, the author is of 
opinion that “‘ whatever variety 
we liberate of the ordinary species 
of trout, it will develop into a 
Salmo nove-zealandi@, suited to the 
water in which it is liberated, and | 
corresponding with trout in similar ——-— a 


localities in the Northern Hemi- YOUNG TROUT WITH YOLK-SAC 
Photo S, C. Johnson 


sphere more closely than with ; 
the varieties found in t’-c iaore northern latitudes of 
our mother couutry.” ; 

Few zoological subjects have given rise to a greater 
amount of discussion than the life-history of the mem- 
bers of this genus, and the number of species by which 
it is represented. As regards the latter point, great 
difference of opinion still prevails among experts. Thus, 
for instance, Day considered that all the indigenous 
British salmonoids might be arranged under three 
specific types—namely, the salmon, the. trout, and 
the charr; while other authorities admit an almost 
endless amount of species. We shall confine our 
attention to the salmon, the typical sea and river 
trout, and the charr. 

As regards the variations of these fishes we may, 
however, quote a passage from Dr. Gunther, who writes 
that “‘these are dependent on age, sex, and sexual 
development, food, and the properties of the water. 
Some of the species interbreed, and the hybrids mix 
again with one of the parent species, thus producing an 
offspring more or less similar to the pure breed. The 
coloration is, first of all, subject to variation; and 
consequently this character but rarely assists in 
distinguishing a species, there being not one which would 
show in all stages of development the same kind of 
coloration. The young of all the species are barred, 


_and this is so constantly the case that it may be used 


as a generic, or even as a family, character, not being 
peculiar to Salmo alone, but also common to Thymallus, 
and probably to Coregonus. The number of bars is not 
quite constant, but the migatory trout have two (and 
even three) more than the river-trout. In some waters 
river-trout remain small, and frequently retain the parr- 
marks all their lifetime ; at certain seasons a new coat 
of scales overlays the parr-marks, rendering them 
invisible for a time. When the salmonoids have passed 
this ‘ parr’ state, the coloration becomes much more 
diversified. The males, especially during and imme- 
diately after the spawning time, are more intensely 
coloured and variegated than the females, specimens 
which have not attained to maturity retaining a brighter 
silvery colour, and being more similar to the female 
fish. 

“Food appears to have much less influence on the 
coloration of the outer parts than on that of the flesh, 
the more variegated specimens being frequently out 
of condition, whilst well-fed individuals with pinkish 
flesh are of a more uniform, though bright, coloration. 
. . . The water has a marked influence on the colours. 
Trout with intense ocellated spots are generally found 
in clear, rapid rivers, and in small open Alpine pools ; 
in the large lakes with pebbly bottom the fish are bright 
silvery, and the ocellated spots are mixed with or re- 
placed by X-shaped black spots ; in pools or parts of 
lakes with muddy or peaty bottom the trout are of a 

poate . darker colour generally ; and when 
enclosed in caves or holes they 
may assume an almost uniform 
blackish coloration.” 

A change of colour also takes 
place in the migratory species with 
the renovation of the scales, which 
occurs during their residence in 
the sea, the newly-grown portion 
of the silvery scales concealing the 
spots ; and this change of coloration 
varies greatly according to the 
habitat of the individuals of some 
of the species. Variations of size 
| are also common, these being: for 
+ the most part dependent upon the 

abundance or otherwise of the food, 

and the extent of the area in which 
the fish dwell ; but differences in this respect also occur 
among the fish hatched from the same batch of spawn, 
and living under the same conditions. The variations 
in the form and proportions of the body, and more especi- 
ally in the head and jaws, according to age, sex, and 
season, are likewise very important, but cannot be 
noticed fully. 


THE SALMON 

The true salmon (S. salar), together with the kindred 
species and trout, belongs to a group of, the genus 
characterised by the presence of teeth on the whole 
length of the vomer during at least some period of 
life. Dr. Ginther gives certain characters by which 
this fish may always be identified, and among these 
the following may be noticed: The scales on the tail 
are of relatively large size, and each transverse series 
running from behind the fatty fin towards the lateral 
line contains only eleven, or occasionally twelve, 
whereas in trout there are from thirteen to fifteen. 
Secondly, the main part or body of the vomer carries 
a single series of small teeth, which, with advancing 
age, gradually disappear from behind forwards, so that 
half-grown and adult individuals have but a few 
remaining. 

Having a circumpolar distribution, the salmon 
ranges southwards in America to 41° north latitude, 
and in the Old World to 43°, being unknown in any of 
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the rivers flowing into the Mediterranean. Salmon 
will grow to a length of between four and five feet, and 
commonly reach as much as 40 lb. Much heavier fish 
are, however, occasionally captured. Among these 
may be mentioned a salmon of 60 lb. from the Severn 
in 1889 ; one from the Tay of 62 lb. in 1891; a third 
of 63 lb. from the Esk in 1890 ; another of 68 Ib. from 
the Tay in 1893 ; and a fifth from the same river taken 
in 1870, which weighed a iraction under 70 lb. There 
is an earlier record of a British salmon of 83 lb. weight, 
while a Russian fish 1s « 

stated to have scaled up- 
wards of 93 lb. F 

For the following brief 
sketch of the life-history of 
the salmon we are indebted 
(Oe a. «papers by Mr. G. 
Rooper, from which the 
following extracts, with some 
verbal alterations, are 
taken. After mentioning the 
well-known periodical migra- 
tion of salmon, the writer 
observes that the eggs 
are deposited by the female 
“some time during the 
winter months, in beds of 
gravel, over which a rapid 
stream flows, principally in 
the upper reaches of the 
river, where the water 1s more 
aerated and free from pollu- 
tions of any sort—since clay, 
earth, or any extraneous substance would choke and 
destroy the embryo fish. Indeed, from the time of 
entering the river, the object of the fish seems to be 
to arrive at its source. Until they have spawned they 
never descend, but, resting at times in favourite pools, 
continually struggle upwards. Only the late fish spawn 
in the lower waters. 

“To such as have only seen the salmon in prime 
condition, the appearance of the fish when on the eve 
of spawning would come as a surprise. The female is 
then dark in colour, 
almost black, and her 
shape sadly altered 
for the worse from 
that which she pre- 
sented when in con- 
dition. As for the 
male, he is about as 
hideous as can well be 
imagined, his general 
colour being a dirty 
red, blotched with 
orange and dark spots. 
His jaws are elong- 


ated, and the lower 
one furnished with a 
huge beak, as thick 


and nearly as long as 
a man’s middle finger ; 
while his teeth are 
sharp and numerous, and his head, from the shrinking of 
the shoulders, appears disproportionately large. His skin 
also is slimy and disagreeable to handle, and, in fact, 
scarcely amore repulsive creature in appearance exists. 

“ Arrived on the spawning ground, the female, then 
called a baggit, alone proceeds to form the nest, or ‘ redd,’ 
as itis termed. This-she effects by a sort of wriggling 
motion of the lower part of her body working on the 
loose gravel. Many authors state that this is effected 
by the action of the tail, but I think the convex 
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formation of the body at that period would prevent th¢ 
tail touching the gravel, unless the fish stood at an angle 
of 45°, in which case the stream would carry her down. 
The redd, a deep trench, being formed, the female 
proceeds, attended by the male fish—frequently by 
two kippers, as they are then called—to deposit her eggs. 
This she does, not all at once, but in small quantities 
at intervals, frequently returning to the redd for the 
purpose. The eggs are at once fecundated by the milt 
of the kipper, this process going on for two or three 

ap ; days, the fish sinking down 


SY “. occasionally into the pool 
a ~\ below to rest and recover 
~<“\. their strength. 
vice “ The effect of the fertilis- 
hs ation of the ova is to add 


\\| greatly to their specific grav- 
\. ity; the eggs sink, and are 
~ at once covered with gravel 
» by a similar motion on the 
part of the baggit to that 

—= used in the formation of the 
redd. Here, the process 
. being completed, the eggs 
= Temain during a period of 
from one hundred and twenty 
=: to one hundred and _ forty 
=> days, according to the tem- 
; perature of the water. At 
= the expiration of that time 
the little fish come into 
existence, and after a few 
days wriggle out of their 
gravelly bed, and seek refuge under an adjacent rock 
or stone, where they remain in safety for some twelve 
or fourteen days longer. The appearance of the 
young fish at that time gives little promise of the 
beautiful form to which they subsequently attain. 
These alevins are, indeed, shapeless little monsters, 
more like tadpoles than fish, each furnished with a little 
bag of nutriment forming a portion of the abdomen. 
On this, for two or three weeks, they subsist, until it 
is absorbed, when they take the form of fishes. They 
_ are then about one 
inch in length, and 
are known as salmon- 


fry, or samlets. A 
portion of the eggs are 
washed down _ the 
stream during the 


process of spawning, 
and become the prey 
of trout and other 
fish which attend the 
redds for the purpose 
of feeding on them. 
In this they do no 
harm whatever, for 
these eggs, being un- 
covered and unfecun- 
dated, could never 
arrive at maturity. 
“ The kippers, when 
not actually engaged in the spawning process, 
swim rapidly about the redd, fighting fiercely with 
one another. The use of the beak appears then 
to come into operation. Many authors errone- 
ously describe this beak. either as a weapon of offence, 
or as a sort of pickaxe used in digging out the redd ; 
but it seems to me that Nature has provided this singular 
excrescence as a protection and safeguard against the 
savage attacks made on each other. So large is its 
size, and so closely does it fit into the hole or socket 
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formed in the upper jaw, that it would appear almost 
impossible for the fish even to open his mouth; but 
he does so, to some extent, at least, and with his cat- 
like teeth inflicts deep, and sometimes dangerous, 
wounds on his antagonist. As to its alleged use as a 
digging implement, the substance of the beak : 
cartilaginous, not horny, and by no means hard ; 
would be worn down in the process of digging in a 
minutes, and, moreover, the female alone prepares the 
redd. 

“ After leaving the stone or rock under which it has 
sought protection, the young fish grows very rapidly, 
as is natural in one destined to attain such huge 
dimensions as the salmon. In the course of a 
month or six weeks the fry have attained to the 
length of four inches, and are then called ‘ parr’ ; 
when they bear conspicuously on their bodies transverse 
marks or bars, which are common to the young of 
every member of the salmon family. The time of 
their remaining in the parr stage is also a subiect of 


dispute ; and while some say ine. three, or sometimes 
four years, my opinion is that they remain one 
year only. 


“In the second April of their existence a change 
in the appearance 
of the parr occurs, 
which assumes the 
silvery scales of the | 
adult fish, wearing ~ 
his new apparel | 
over his old barred | 
coat. He is now @ 
called a smolt, and © 
perhaps, with awish | 
to exhibit himself 
in his new and 
beautiful apparel, 
evinces a daily in- 
creasing restlessness 
and desire to quit 
his home. With 
the first floods in 
May myriads of 
these lovely little 
fishes start on their 
downward journey 
toward the _ sea. 
It is a_ beautiful 
sight to watch their 
movements when 
descending, and for 
many days the river teems with them, not a square 
foot of water being without one when the stream 1s 
at all rapid. 

“ As fry the smolts were exposed to many dangers, 
but they were nothing to those which beset them as 
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parrs on their journey towards the sea, _ Their 
enemies are legion. Trout and pike devour them ; 
gulls swoop down and swallow them wholesale ; 


herons, 
them out as they pass ; 


standing mid-leg deep in the water, pick 
and even their own kindred 
Unluckily, too, for 
them, a certain number of great, hungry kelts (as 
the fish are called after spawning), having recovered 
to a great extent their condition, accompany them 
on their seaward journey, and prey upon their young 
companions as they travel; and I believe that a hungry 
kelt will devour upwards of forty or fifty smolts in 
a day. 

“ Arrived at the sea, the little fish are met by a fresh 
array of enemies. The army of gulls is always with 
them, and these are reinforced by. cormorants, divers, 
and other sea-birds, besides which shoals of ravenous 
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fish await their arrival, and assist in thinning their 
ranks. It is wonderful that any should escape, and 
but for the extraordinary fecundity of the salmon 
they would speedily be annihilated; but such is 
their prolific nature that a remnant always survives 
to return to the spawning beds and keep up the eupply. 
Buckland calculated that the number of eggs laid by 
a salmon was about one thousand to the pound weight, 
a fish of 15 pounds therefore producing fifteen thousand 
eggs. The food of the smolt during his sojourn in 
the sea is abundant, consisting chiefly of sand-eels, 
molluscs, and marine insects.’ 

Many of the smolts return to the river as grilse, 
or salmon-peel, during the spring or summer of the 
following year, their weight being then from 2 to Io 
pounds. Some of them, however, remain in the sea for 
more than a year before resuming life in fresh water. 
Thename salmon is not correctly applied until they 
are at least four years old. 

Valuable information about the movements of 
fishes have been obtained by marking them in various 
ways, and this has been done at various times with 
salmon from a very early period. A series of very in- 
teresting observations were initiated by Messrs. Calder- 
wood and Malloch 
under the auspices 
of the Tay Salmon 
Fisheries Company 
in 1905. No less 
than 6,500 smolts 
were — successfully 
marked in that year 
by pushing a_ bit 
of fine silver wire 
into the front of the 
dorsal fin and twist- 
ing it up into a 
loop. 

A number of the 
smolts so marked 
were recaptured the 
following year as 
grilse (the first on 
June 1), and the 
average weight of 
sixteen of these was 
5¢ pounds, equiva- 
lent to a gain of 6 
ounces per month 
during lifein the sea. 
It was further de- 
monstrated that some of the marked smolts did not 
return to fresh water until the lapse of a year and 
a half, in the condition of “small spring fish” that 
had spent two winters in the sea. 

The older stages in the life-history of the salmon 
have also been marked, the most successful method 
being by means of a silver stud, on the principle of 
a paper fastener, bearing a definite number. In this 
way the fact has been established that the duration 
of stay in the sea is shorter or longer in individual 
cases throughout the life of the salmon. 

With reference to the statement in the account 
that salmon always return to the river of their birth, 
it may be observed that although this is generally 
the case, the circumstance that ‘salmon occasionally 
make their appearance at the mouth of the Thames 
and other rivers which they have ceased to inhabit 
shows that there are exceptions to ‘the rule. The 
obstacles that salmon will surmount in their ascent 
of rivers during the return from the sea are too well 
known to require notice; but it is probable that the 
height to which they can leap has been exaggerated. 
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The period. of spawning varies with the country, 
taking place in the south of Sweden and North Germany 
at the latter part of October or early in November, 
while in Denmark it may be deferred till Februz wy 
or the beginning of March, November and December 
being the usual spawning months in Scotland. 

The salmon may be considered as a sea fish which 
ascends rivers for spawning purposes, a protective 


measure enhancing the safety of the young. In the 
sea the food consists very largely of herrings and sand- 
eels, but a much debated question is whether salmon 


feed in fresh water. Hundreds of post- - 
mortem examinations have been made in 
Britain, Holland, Germany, and Armnerica, 


the result being that only in a very small 
percentage of cases is any food to be found 
in the stomach or intestines, the conclusion 
being that the fish do not feed regularly 
in fresh water. Admittedly, however, a sal- 
mon will sometimes take worms, or even 
swallow trout or roach, but that does not 
affect the general truth of the statement. 
Why these “fishes rise so readily to the fly 
or other bait is certainly difficult to explain, 
but this is not quite the same thing as the contin- 
uous and deliberate seeking of food, ‘and it has been 
plausibly suggested that during the _breeding season 
salmon are in what may be termed a “highly strung ”’ 

condition, so that their behaviour with reference io 
the skilfully displayed lure of the angler is of 
abnormal character. 


TROUT 


In spite of their diversity of habitat, and likewise 
of coloration and structure, Day is of opinion that the 
migratory sea-trout, or salmon-trout (S. trutta), and 
the stationary river-trout (S. fario), as well as the 
various forms from the British lakes, are nothing more 
than varieties of a single variable race ; and it must be 
confessed that no one has hitherto been able to define 
all the nominal British species with anything like 
definiteness. Some of the characters distinguishing 
the salmon from the trout have been already in- 
dicated on page 1717; and it will suffice to note very 
shortly some of the reasons given by Day for regarding 
all the British trout as referable to a single species. 

It is well known that sea-trout—as represented not 
only by the typical form, but likewise by the so-called 
sewen (S. cambricus) of the Welsh rivers—are silvery 
in colour, with black spots during their sojourn in the 
sea; when, however, they enter the rivers for the 
purpose of spawning, an orange margin appears on 
the upper and lower edges of the caudal fin, and also 
on the fatty one, while spots of the same colour show 
themselves on the body. On the other hand, the 
non-migratory forms may be arranged under two types 
of coloration, some loch-trout (which may have “been 
originally migratory, but are now land-locked) .being 
mainly silvery during the smolt stage, and subse- 
quently golden and “spotted ; while the estuarine, 
lake, and river trout are all golden, with purplish 
reflections, and more or less fully marked with black 
and vermilion spots. It appears, indeed, that a long 
residence in fresh water generally leads to the dis- 
appearance of the silvery sheen characteristic of the 
salmonoids while in the sea (and which is probably 
their primitive type of coloration), and to the promo- 
tion of colour. 

As a partially transi.ional type between sea-trout 
and river-trout may be taken the Lochleven trout, 
which is somewhat silvery during the smolt stage, 
with the spots generally black, and no orange border 
to the fatty fin, but at a later stage assumes the general 


coloration of the river-trout, although lacking the white 
black-based front margin to the dorsal, anal, and pelvic 
fins characteristic of the Jatter. Silvery trout do, how- 
ever, occasionally occur in fresh waters, where there 
is no possibility of their having migrated from the sea. 
In concluding his observations concerning the colora- 
tion of trout, “Day writes that “‘ reasons have been shown 
for admitting that sea-trout might breed in fresh 
waters without descending to the sea. That they can 
be traced step by step, and link by link, into the 
brook-trout, and vice versa; that the Lochleven 
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trout, which normally possesses a smolt or grilse stage, 
passes into the brook-trout ; and also that breeding 
any of these two forms together sets up no unusual 
phenomena.” 

Later on Day observes that some of the chief dis- 
tinctions between the sea and fresh water forms of 
trout consist in the comparatively more complete 
system of dentition in the fresh-water races, their 
generally longer head, blunter snout, and stronger 
upper jaw, irrespective of the smaller number of blind 
appendages to the intestine. The dentition is, however, 
excessively variable ; and specimens with the colora- 
tion and form of, the river-trout taken in estuaries, or 
even in the sea, usually have the small number of 
vomerine teeth characteristic of the migratory forms ; 
while, on the other hand, fresh-water examples with 
the coloration of the migratory type may have a 
dentition of the non-migratory type. 

The ordinary sea-trout, which is essentially a North 
European fish, much more common in Scotland than 
in England, grows to a length of 3 feet; while, as an 
example of a spotted form, we take a variety of the 
Continental lake-trout (S. Jacustris). Known on the 
Continent as the Maiforelle (May-trout), this fish has 
the sides of the body marked with irregular angular or 
X-shaped black spots, between which are red spots, 
these spots becoming less numerous beneath the lateral 
line, while the under surface may be tinged with red. 
On the gill-cover the spots are larger and more rounded. 
In the typical variety of this trout, from the Lake 
of Constance, the spots do not extend below the lateral 
line; this form being known as the Schwebforelle. 
The migrations of the sea-trout are very similar to 
those of the salmon, in Sutherland the great run of 
these fish to the sea taking place in June, while they 
reascend the rivers in autumn to spawn. 


CHARR 


Much the same difference of opinion as obtains with 
regard to the number of species of trout exists in the 
case of charr, Dr. Gunther recognising five British 
lacustrine species, which he regards as * distinct from 
S. umbla of the Swiss lakes ; while Day includes the 
whole of these under the latter, which is also taken to 
embrace the szbling (S. salvelinus) of the mountain 
lakes of Bavaria and Austria, as well as the migratory 
northern charr (S. alpinus), ranging from Lapland and 
Scandinavia to Iceland and the northern parts of 
Scotland. 


1720 


SMELTS 


Charr are typically an Arctic group of fishes with the 
general habits of the salmon—that is to say, they spend 
the summer in the ocean, but at the beginning of 
winter ascend rivers for the purpose of spawning. 
Even in the high north there are, however, some charr 
which remain throughout the year in their native lakes, 
although they could reach the sea if so disposed. 
Others live in land-locked lakes, from which they cannot 
possibly escape, and this condition obtains with all 
the charr of the British Isles, which are, in the main, 
restricted to lakes where the water is cold and deep 

By fishermen charr are often termed “ fresh-water 
herrings ’’ or “‘ whiting,’ from their generally 
brilliant silvery appearance. Two of the Irish 
varieties—namely, one formerly inhabiting the 
lakes at the source of the River Lee, in County 
Cork, and another Lough Neagh, have been long 
extinct, the former since 1837, and the latter 
since 1839. Some others still survive, namely, 
the Lough Owel charr, of Westmeath, the charr of 
Lough Finn, Donegal, those of Lough Esk, 
and certain other lakes in Donegal, Mayo, and 
Galway, and the races respectively inhabiting 
Lough Melvin, Fermanagh, Lough Cumasaharn, 
Kerry, and Lough Luggala, Wicklow. These 
varieties differ from one another in the shape of 
the muzzle, the size of the teeth, and the number of 
rows of scales. 

All charr differ from salmon and trout in having the 
teeth at all ages confined to the head of the vomer, 
instead of being distributed over its whole length ; 
and all the forms mentioned above, which have a very 
uniform type of coloration, agree in having median 
teeth on the hyoid bone. 

In the*spawning season the upper parts of this fish 
are brownish green, and the sides lighter; the under 
surface passing through all shades of orange to ver- 
milion, from the throat to the pelvic fins, where the 
colour attains its greatest intensity. The sides are 
ornamented with rounded spots varying from white 
to red in colour; the dorsal fin has dark markings, 
and the pectoral and pelvic fins are brilliant red. 
This form commonly grows to a length of 8 or 
9g inches, but the northern charr attains much larger 
dimensions. 

The North American charr (S. fontinalis), which has 
been successfully introduced inio British waters, 


WARTMANN’S WHITE-FISH 


together with the hucho (S. hucho) of the Danube, differ 
from the foregoing in the absence of median teeth on 
the hyoid bone. The general colour of the American 
charr is greenish—lighter above than beneath—beau- 
tifully shot with purple and gold, ornamented with 
numerous dark spots above, and fewer below the 
lateral line, many of which in front of the dorsal fin 


coalesce into streaks, and also with red spots above the 
aforesaid line. Most of the fins have dark markings ; 
and in the breeding season the male assumes a black 
tint along the under surface. These fish usually range 
in size from 2 to 3 pounds, although they may be larger. 
The hucho, on the other hand, which is readily charac- 
terised by its elongated, slender, and almost cylindrical 
form, attains dimensions equal to those of the salmon. 


QUINNAT SALMON 


The North Pacific, or Quinnat salmon (Onchor- 
nynchus) inhabiting the North American and Asiatic 


SMELT 


rivers flowing into the Pacific differ from the typical 
genus in having more than fourteen rays in the anal fin ; 
while their kelts are remarkable for the degree to which 
the jaws are hooked, and the huniping of the back. 
An average fish weighs about 22 pounds, but greater 
weights, up to oo pounds. arerecorded. Quinnatsalmon 
from British Columbia and Alaska are tinned and 
exported to a large extent. 


SMELTS 


The beautiful and delicately flavoured little smelts 
are represented by three species, one of which (Osmerus 
eperlanus) is an inhabitant of the seas and many fresh 
waters of Northern and Central Europe, while the 
second (O. vtvidescens), perhaps only a variety, is 
confined to the opposite side of the Atlantic, and the 
third (O. thaleichthys) is found on the coasts of Cali- 
fornia. These fish form a kind of connecting link be- 
tween the salmon and its allies and the under-men- 
tioned Coregonus, but internally differ from both, the 
appendages to the intestine being short and few in 
number, and the eggs small, while the teeth 
are strongly developed. The scales are of 
moderate size; the cleft of the mouth is 
wide, with the maxillary bone extending 
nearly or quite to the hinder margin of the 
eye ; the teeth of the upper jaw are much 
smaller than those of the lower ; the vomer 
is armed with a transverse series of teeth, 
several of which are tusk-like ; the palatines 
and pterygoids bear conical teeth; while 
there are also tusk-like teeth on the front 
of the tongue, and several longitudinal series 
of small ones on its back part. In length 
the pectoral fins are medium. Growing 
to a length of 7 or 8 inches in the sea, the 
common smelt is also found in rivers and 
land-locked lakes, where its size is always 
considerably less. The allied candle-fish (O. 
thaleichthys), of the Pacific coasts of North 
America, distinguished by its rudimentary teeth, has 
flesh of such an oily nature that it can be burnt as a 
candle, although it is likewise used as a food 


COREGONOIDS 


Among an extensive group ot mostly fresh-water 
salmonoids (‘‘ white-fish ”’) remarkable for their herring- 
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like form, the gwyniad (Coregonus pennanti?) of Bala 
Lake ; the closely allied or identical powan (GC. clupe- 
otdes), of the Lake District ; the vendace (C. vandestus), 
of Lochmaben ; and the pollan (C. pollan) of the Insh 
lakes, are well-known British forms. They are the only 
British fresh-water fish that cannot be taken with hook 
and line. In these fish the scales are not strikingly large ; 
the cleft of the mouth is of moderate size, with a broad 
maxilla, either short or of medium length, 
and not extending beyond the front margin 
of the socket of the eye ; the teeth, if present, 
are minute and deciduous, in the adult usually ¢ 
persisting only on the tongue. The dorsal fin 
is not over long, and the caudal is deeply 
forked. While in the small size of their eggs 
these fish resemble smelts, they differ in 
having about one hundred and fifty blind 
appendages of nearly uniform length and 
attached to the intestine. 

Represented by over forty species, ranging 
over Northern Temperate Europe, Asia, ‘and 
North America, coregonoids are tor the most 
part entirely fresh-water fishes, although a 
few make periodical migrations to the sea, — 
while the European schnepel (C. oxyrhynchus) 
is as much a marine as a fresh-water fish. 

Local in their distribution in Europe, although as 
many as three different species may inhabit the same 
lake, coregonoids (‘‘ white-fish’’) are extremely abun- 
dant in all the fresh waters of North America. Though 
the British forms are small, some of the Continental 
species may attain a length of fully 2 feet. The figure 
represents a species (C. wartmanni) bok the deeper lakes 
of the Northern Alps. 

The genus may be divided into groups, according 
to the conformation of the snout and jaws. Of these, 
the first is represented solely by the schneepel, or 
houting (C. oxyrhynchus), which frequents the coasts 
and tivers of Belgium, Holland, Germany, and Sweden, 
and occasionally wanders into British waters. It is 


AND MARANE 


PIGMY MARANE 


easily distinguished by the production of the extremity 
of the upper jaw into a conical. fleshy snout projecting 
beyond the lower,. while its scales are more or less nearly 
circular. ‘In, length this fish grows to a foot and a half. 
As an example of the group in which the snout is 
obliquely truncated, with the nose projecting, we may 
take the marane (€. /avaretus), which is widely dis- 
tributed in the lakes of the Continent, where its flesh 
js highly esteemed. Living at great depths, this fish 
feeds on worms, insects, and water-snails. 
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While the gwyniad belongs to another group charac- 
terised by the vertical truncation of the snout, the 
pollan and vendace are assigned to yet another division 
in which the lower jaw is longer than the upper. Asa 
representative of this latter group we take the pigmy 
marane (C. albula) of Northern Europe. Pollan, which 


grow to a length of about 6 inches, are largely sold in 
spawning 


Belfast during the season, at which time 


THE GRAYLING 


they come up from the deep waters of Lough Neagh to 
the shallows. 


GRAYLING 


The last salmonoids to be noticed are the grayling. 
Nearly allied to the coregonoids, they are readily dis- 
tinguished by: the greater height and length of the 
dorsal fin, which includes from thirteen to twenty-three 
rays. The cleft of the mouth is also smaller, and the 
maxilla of small size. Small teeth are present on the 
jawbones, as well as on the palatines and the head of the 
vomer, but they are wanting on the tongue. The 
blind appendages of the intestine are less numerous than 
in either the salmon or the coregonoids, and the swim- 
bladder is usually large. The range of the 
genus includes a large portion of Europe, 
Northern Asia, and the colder regions of 
North America. Its name, Thymallius, has 
reference to the thyme-like odour that is 
exhaled. 

The common species (7. vulgaris) is found 
locally over a great part of Europe, ranging 
from Lapland to Venice, and from England 
to Russia. It is, however, unknown in 
Ireland, and has only been introduced of 
late years into Scotland; while in England 
it is most abundant in the rivers flowing from 
the limestone Pennine chain in the north, 
and the Red Sandstone districts of the central 
counties, and likewise in the chalk streams 
of the south. In the latter area grayling 
occasionally run to nearly 4 pounds in weight, 
but in Northern Scandinavia they may reach 
1 pound more. In Switzerland they are found 
in Lake Constance ae other large pieces of 
water. An elegantly-shaped fish, the grayling 
varies considerably in colour according to 
the season, the back being generally greenish brown, 
passing into grey on the sides, while the under parts 
are silvery, The sides of the head are yeliow, with 
black spots, which also occur on the fore part of the 
body ; and brownish grey longitudinal stripes run in the 
direction of the rows of scales. The pelvic and anal fins 
are violet, frequently marked with brown cross-bars ; 
the pectorals are yellow, turning to red in the breeding 
season ; while the black-bordered dorsal and caudal are 
generally red, although sometimes blue; the former, 
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BLACK SMOOTH-HEAD 


and sometimes also the latter, being ornamented with 
longitudinal dark bands or rows of spots. 


THE CAPELIN 
The capelin (Mallotus villosus) is native to the Arctic 
coasts of the North Pacific, and is from 6 to 9 inches 
long. The scales are small, and in the male four longi- 
tudinal bands of them project-in such a way as to give 
a shaggy or villous appearance. The eggs are laid in 
vast numbers among the sand of the shore. 


SMOOTH-HEADS 


The family called smov:h-heads (Alepocephalide) 
includes about thirty-five 
species of remarkable 
deep-sea fishes related to 
salmon and herring, and 
of wide distribution. The 
dorsal is placed near the 
caudal, and there is no 
fatty fin. The skeleton is 
fragile. A typical form is 
the black smooth-head 
(Alepocephalus niger). 


WIDE-MOUTHS 


In the wide-mouths 
(family Stomiatid@) are in- 
cluded some extraordinary 
deep-sea forms, in which 
scales are extremely thin 
or absent. A series of 
phosphorescent organs is 
usually present, and there is often a barbel on the hyoid 
region. The eyes are large, and the gill-openings wide, 
and a fatty fin is sometimes present. 

The silvery-light fish (Photichthys argenteus) possesses 
phosphorescent organs, and its other characters are as 
follows: The body may be either covered with thin 
deciduous scales, or entirely naked; barbels are 
wanting; and the fatty fin is either rudimentary or 
very minute. Both the premaxille and maxille take 
a share in the formation of the margin of the upper 
jaw, and bear pointed teeth of variable length. The 
bones of the gill-cover are not fully developed; the 
gill-opening is of great width; false gills may or may 
not be developed; and, when present, the swim-bladder 
is simple. While in the figured species the 
teeth are small, in the allied genus Chauliodus ps 
they are greatly elongated, indicating highly 
predaceous habits. 


HEDGEHOG-MOUTHS 


The barbed hedgehog-mouth (Echiostoma 
barbatum) may be readily distinguished from 
the preceding by the presence of a long 
barbel to the hyoid, the skin being either 
naked or covered with exceedingly delicate 
scales, and the fatty fin frequently wanting. 
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SILVERY-LIGHT FISH AND BARBED HEDGEHOG-MOUTH 


SALMON 


When a fatty fin is present, as in the genus 
A stronesthes, the rayed dorsal is of consider- 
able length, and placed in advance of the 
anal; but in the other genera both the anal 
and dorsal are short, and placed opposite to 
one another a short distance in advance of 
the forked caudal. In the genus represented 
by the hedgehog-mouth the body is naked, 
and the pectoral fins are filamentous; but 
in the allied Stomias there are exceedingly 
small scales which scarcely overlap one 
another. Occasionally met with floating in 
a helpless condition, these fishes have been 
dredged from depths of 1,800 fathoms; and 
although dwelling in total darkness, they, like most 
of their allies, have well-developed eyes. 

The genus Malacosteus possesses peculiar plates 
below the eye, and a specimen of this fish captured 
before death had ensued was observed to emit a 
yellowish light from the uppermost plate beneath the 
eye, while that from the lower plate had a greenish 
tinge. In the genus Stomias, says Filhol, “‘ the sides 
of the body present a double longitudinal series of 
phosphorescent plates, which emit light in such a 
manner as to cause the whole fish to be bathed in a 
brilliant luminous halo. This fish must, indeed, be a 
formidable creature to the other inhabitants of the 
ocean abysses, being in 
every way constructed and 
armed for strife, and its 
powerful teeth admirably 
fitted to seize and tear the 
flesh of the other fishes 
upon which it preys ” 


THE. -BEAKED 
SALMON 


The so-called beaked 
_. salmon (Gonorhynchus 
+. gyveyt) from the seas of the 
*. Cape, Japan, and Australia 
- constitutes a family (Gono- 

. rhynchid@) by itself. Both 

, the head and body are 
completely covered with 
scales, of which the free 
edges are spinose; and the margin of the upper 
jaw is formed entirely by the short premaxille, 
which are continued downwards over the maxille. 
The short dorsal fin is situated far back on the 
body, above the pelvic pair, the still shorter anal 
having a more posterior position; and the tail-fin is 
slightly forked. There is no fatty fin. Barbels are 
present, the gill-openings are narrow, the swim-bladder 
is wanting, and, the stomach simple. Measuring from 


12 to 18 inches in length, this fish seems to be 
partly pelagic and partly littoral in its habits, being 
found in New Zealand, where it is known as the 
sand-eel, in bays with a sandy bottom, while else- 
where it has been taken in the open sea. 


THE BEAKED SALMON 
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ELECTRIC” EELS 


The fishes of the suborder Cyprini-siluriformes are 
distinguished by the fact that the front vertebre, 
usually to the number of four, fuse together, and 
parts of them are detached on either side to make up 
a chain of lttle bones (Weberian ossicles) running 
from the swim-bladder to the internal ear. The fins 
are usually spineless, though dorsals and pectorals 
may have one spine each. By far the greater number of 
fresh-water fishes are here included. 

Together with four other genera from the fresh waters 
of Tropical America, the well-known electric eel 
(Gymnotus electricus) constitutes the family Gymnotide, 
of which the leading characteristics are as follows : 
The jaws are formed in the same manner as in the 
true eels, and the head is scaleless and without barbels. 
The dorsal fin is either totally wanting or reduced to a 


fatty rudiment; the anal is extremely elongated ; 
pelvics are wanting; and the caudal is likewise 
generally absent, the tail terminating in a point, 


can be renewed in the same 
manner as in the blind-worms. The vent is situated 
in or near the throat; the gill-openings are rather 
narrow ; a swim-bladder is present; the stomach has 
a blind appendage ; and the ovaries are provided with 
ducts. In the skeleton the pectoral girdle is attached 
to the skull. 

As a genus, the electric eel is characterised by the 
absence of the caudal and dorsal fins, by the anal 
extending to the extremity of the tail, the absence of 
scales, the single series of conical teeth, and the minute 
eyes. Abundant in the rivers and lagoons of certain 
parts of Brazil and the Guianas, the electric eel grows 
to a length of fully 6 feet, and is capable of giving a 
more powerful shock than any of the other fishes 
endowed with electric power. The electric organs form 
two pairs of longitudinal structures lying betw een the 
skin and the muscles, one pair being situated on the 
back of the tail, and the other along the sides of the 
base of the anal fin. They are made up of modified 
muscular tissue. 
shocks sufficient to kill other 
is undoubted, while 
they cause annoyance 
to pack-animals. 


which, when broken off, 


That these organs are capable of giving 
fish and small mammals 


CAT-FISHES OR 
SHEATH-FISHES 


Although  represen- 


the margin of the upper jaw is formed mainly 
by the premaxilla, the maxilla being more or less 
rudimentary. A rayed dorsal fin may ~be absent, but 
the fatty dorsal is generally present ; and when a swim- 
bladder is developed it may be either free in the 
abdominal cavity or enclosed in bone, but always com- 
municates with the ear by the intervention of the 
Weberian ossicles, which are somewhat lenticular in 
form. 

The skull is characterised by the full ossification of 
its lateral region, the septum between the eyes being 
also bony ; and in many instances the skull is pro- 
longed bac kw: rds by the development of a kind of bony 
helmet over the nape of the neck, formed by dermal 
ossifications overlying some of the bones of the pectoral 
girdle. Frequently this shield, as well as the hinder 
bones of the skull, are ornamented with a tuberculated 
sculpture: Many of these fishes have also a powerful 
spine at the front of the dorsal fin, which can be locked 
into a fixed, erect position by a rudimentary spine acting 
as a kind of bolt at its base, and is itself articulated to 
the vertebra, and also joined by a ring to a second 
spine, in a manner similar to that obtaining in the 
angler-fish. To support this spine certain special modi- 
fications exist in the structure of the pectoral girdle. 

Some of the genera, such as the one represented by 
the eel-like cat-fish, have additional breathing organs, 
in this particular instance taking the form of a branched 
structure attached to the gills. On the other hand, 
in the sac-gilled cat-fishes (Saccobranchus) there is a 
long sac running down the muscles of the back behind 
the proper gill-chamber. Through this breathing-sac 
blood is carried from and returned directly to the 
heart ; and in consequence of this arrangement these 
fishes can remain alive for hours or even days apart 
from water, so that they are able to traverse spaces 
where aquatic respiration is impracticable. 

Most cat-fishes inhabit the fresh waters and estuaries 
of the tropical and subtropical regions of the globe ; 
but, as we have seen, one species is found in those of 


Eastern Europe, while a considerable number enter 
the sea, although generally keeping near the coasts. 
They are found not only in rivers, but also in 


lagoons and marshes. 


The streams of 
many parts of North 
\merica, from New 
York and New Jersey 
westward to Montana 
and Wyoming, and 


southwards to Georgia, 


ted only by a single Alabama, and _ Texas, 
European species con- are inhabited by cer- 
fined to the rivers east tain small cat-fishes 
of the Rhine, the locally known as 
family of cat-fishes ~StOnG=Catsie seanid 
(Silurida) is one of “mad Toms.” From 
great importance in other cat-fishes they 
tropical and subtropi- may be distinguished 
cal countries, its mem- by the presence of 
bers being extremely ,a keel-hke fatty fin 
abundant in the fresh es EE ESSE . “joined to the back, 
2 Se Satna ELECTRIC EEL : : 
waters and_ estuaries and more or less con- 


of the Oriental region and South America, and including 
somewhere about 1,000 species. An essential charac- 
teristic is the invariable absence of scales, the skin 
being either smooth or covered with bony tubercles 
or plates; and thiggcharacter, together with the pre- 


sence of the barbels from which they derive their popular 


title, will always serve to distinguish the cat-fishes 
from the other great fresh-water family of the carps. 
In the skull an essential feature is the absence 
vf a subopercular element to the gill-cover; while 


tinuous with the tail-fin. That the mad Toms can 
inflict a painful wound with the spines of their 
pectoral fins has long been known; but some differ- 
ence of opinion has prevailed as to whether they 
possess a special poison-gland with the secretion 
of which these spines are anointed. The effects of 
their sting have been likened to those of a bee’s sting, 
although in one species, at any rate, the pain is less 
intense and usually confined to the immediate neigh- 
bourhood of the wound. In the case of a very severe 


‘more or less slit-like, 


CAT-FISHES 


sting on the tip of a finger, pain may, however, be 
experienced all over the hand and wrist, while it may 
sometimes extend as high up as the elbow. The pain 
lasts from one to sev eral hours, but is seldom attended 
by swelling. Nevertheless, the slight character of the 
puncture is strongly suggestive of poison ; and, as a 
matter of fact, all these ¢ cat- fishes are furnished with a 
pore situated just above the root of the pectoral fin, 
whilesome also possess glands - 

on the pectoral and dorsal 


spines. 
Careful examination of 
Several species by Mr. H. 


D. Reed has rendered it cer- 
tain that the pectoral pore 
is the opening of a gland, 
and that the secretion of this 
cland is highly poisonous. 
@he form of the pore is 
and so 
situated that when the fin 
is depressed its spine hes 
either parallel with or 
straight across the pore. It 
seems, however, doubtful 
whether the spine is anointed 
with the poison when in this 
position, and it is more probable that the secretion 
flows on to the spine when the fin is extended, at which 
time the mouth of the pore is more or less widely open. 

It is worthy of note that spine-glands are only de- 
veloped in species in which the spines are smooth or 
but shghtly serrated. A serrated dorsal spine without 
a gland cannot, apparently, inflict a stinging wound ; 
but the non-glandular pectoral spines are supplied with 
their poison from the skin-gland at the root of the fin. 
The presence of serrations makes practicable the 
infliction of a large number of wounds, and, conse- 
sequently, the introduction of a large amount of poison 
at one and the same time. This would render species 
so armed more formidable, although the poison is 
secreted in smaller quantities, and is not more virulent 
than in others. 

THE “WEES 

The wels (Szlurus giants) is the typical representative 
of a subfamily in which the rayed dorsal fin is 
but little developed, and, if present at all, occupies 
only the hinder region of the trunk; the tatty portion 
being small or wanting. The anal fin is not much 
shorter than the caudal region of the backbone, and 
the pelvic fins are behind or below the dorsal. In the 
wels and its congeners the short dorsal has no pungent 
spine ; the fatty fin is wanting ; there are two upper 
and two or four lower barbels ; the head and bcdy are 
naked ; and the tail-fin is rounded. 

The wels itself, which is confined to the European 
rivers east of the Rhine, has six barbels, of which the 
upper pair are considerably longer than the head, and 
commonly attains a length of from 6 to 9 feet, although 
it occasionally grows to 13 feet. In colour the head, 
back, and edges of the fins are bluish black, the sides 
greenish black spotted with olive-green, and the under 
parts reddish or yellowish white with blackish marb- 
lings. Frequenting rivers and lakes with muddy 
bottoms, the wels feeds on fishes, frogs, and crustaceans, 
but it will also seize and pull down ducks, geese, or 
other birds swimming on the surface. The spawning 
time is in the middle of summer, when these fish 
resort to the shallows in order to deposit their eggs on 
the stems and leaves of water-plants. 

In a very interesting article on parental care among 
fresh-water fishes published by the Smithsonian 
Institute-of Washington, Mr. Gill shows, by means of 


figures, that the glanis differs from the wels by having 
only four (in place of six) barbels on its great ugly snout. 
In the parental care displayed for its eggs it resembles 
some of the American cat-fishes; and it is quite probable 
that the same habit may characterise some of its Asiatic 
relatives. 
YARRELL’S CAT-FISH 
Another gigantic species is Yarrell’s cat-fish (Bagarius 


THE, WELS 


yarvellt), from the large rivers and estuaries of India 
and Java, which attains a length of fully 6 feet, and 
from its huge head and mouth is one of the ugliest 
fishes in existence. The only member of its genus, 
it belongs to a subfamily in which the rayed dorsal 
fin is short, and situated in the hinder part of the body 
in advance of the pelvics; and there is always a fatty 
fin, which may, however, be short; and the anal is 
shorter than the caudal region of the backbone. When 
nasal barbels are developed, they belong to the hinder 
nostrils. In the group of genera to which Yarrell’s 
cat-fish belongs the two divisions of the nostrils are 
placed near together, with a barbel between them ; 
and in this particular form there are eight barbels, 
and the upper surface of the head is naked. 

The well-known genus Arius, from all the tropical 
regions of the world, belongs to another group of the 
same subfamily, in which the divisions of the nostrils 
are close together, but have no barbel, although the 
hinder pair are provided with a valve. The species of 
this genus are noted for care of eggs and young. Semon 
has described a Queensland fish (A. australis) that 
makes a bowl-shaped excavation some: 20 inches in 
diameter for the reception of the eggs, which are 
covered by layers of stones. Marine and estuarine 
species of this and some other genera adopt a much 
more remarkable method of protection, for in them 
the eggs are carried in the mouth and pharynx of the 
male: or more rarely of the female. 


LEOPARD CAT-FISH 

lhe Tropical American genus Pimelodus is the typical 
representative of a third group of the same subfamily, 
in which the two pairs of nostrils are equally devoid 
of barbels, but are placed at a considerable distance 
apart. The largest species is the leopard cat-fish 
(P. patr) from the rivers of Argentina and Uru- 
guay, growing to a length of 6 or 7 feet, and having 
the yellowish skin marked with a number of black 
spots, like a hunting-leopard. Somewhat curiously, 
this genus is represented by two outlying species from 
West Africa. 

THE BAYAD 

‘he best-known representative of the fourth and 
last group of genera in this subfamily is the bayad 
(Bagrus bayad) of the Nile; the group being easily 
recognised by the circumstance that while th 1e two 
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divisions of the nostrils are remote from one another, 
the hinder have barbels. Both species are confined 
to the Nile. 

ELECTRIC  CAT-FISHES 

Brief mention must be made of the electric cat-fishes 
(Malapterurus) of! Tropical Africa, belonging to a 
subfamily in which the rayed dorsal fin, when present, 
is short and confined to the hinder region of the body, 
while the pelvic fins are inserted behind. The electric 
organ is of unique character, being formed by a modi- 
fication of the skin. Very powerful shocks can be 
given; hence the name “raad”’ (?.e., thunder) given 
by the Arabs to these forms. From their allies they 
are distinguished by the total absence of the rayed 
dorsal, so that they have only a fatty dorsal imme- 
diately in front of the tail (which is rounded), and 
opposite the anal. The head and body are smooth, 
the pectoral fins spineless, and there are six barbels. 
The Nile species grows to about 4 feet in length. 

MAILED CAT-FISHES 

The mailed cat-fishes (Callichthys, Loricaria, etc.), 
constitute a subfamily mainly confined to Tropical and 
South America, although represented by a few Oriental 
forms. In all these fishes there is always a rather 
short rayed dorsal fin, beneath or in front of which the 
pelvics are generally inserted. The gill-membranes are 
confluent with the skin of the isthmus, and the gill- 
openings constricted to small slits. The pectoral and 
pelvic fins are placed horizontally ; and the vent is in 
front of, or only slightly behind, the middle of the 
length of the body. 

Among these fishes the species of the genus Calli- 
chthys, confined to the rivers on the Atlantic side of 
South America, belong to a group characterised by 
the nearness of the divisions of the nostrils, between 
which there is generally a short flap, and by the expan- 
sion and reversion of the lower lip to form a broad flap 
more or less deeply notched in the middle. It appears 
that they are in the habit 
of anchoring themselves to 
stones in the river-bed by 
means of the sucker-like 
mouth ; respiration being at | 
such times effected by taking 
in water through the gill- 
openings and expelling it 
again by the same aperture : 
in the opposite direction. ; 
In the genus mentioned, the = 
head is covered with bony 
plates, and the body encased ». 
in two rows of transversely “fe 
elongated overlapping shields 
on each side; all the species 
being of small size. Like 
certain other South Ameri- 
can forms belonging to 
another subfamily, of which the members of the genus 
Doras are perhaps the best known, these mailed cat- 
fishes are in the habit of making nocturnal journeys 
during the hot season, when the pond they inhabit 
is about to dry up, to another of greater capacity, and 
they likewise construct nests for their eggs. 

The nests, which are made at the beginning of the 
rainy season, are formed of leaves, beneath which the 
eggs are deposited and watched over by both parents ; 
the whole structure being sometimes placed in a hole 
on the margin of the river or pond. In the armoured 
cat-fish, forming the genus Loricaria, the body is 
remarkable for its elongated and slender form; while 
the head is depressed, with a more or less produced 
and spatulate snout, on the under surface of which 
the mouth is situated at a considerable distance from 


THE GUDGEON 


the extremity, its margins being surrounded by large 
folds, and each corner having a barbel. Both the 
dorsal and anal fins are short and elevated, and the 
entire head and body enveloped in a bony cuirass. 


CARP TRIBE 


As in the last family, the margin of the upper jaw 
of the Cyprinid@ is formed by the premaxille, and the 
whole mouth is toothless, teeth being developed on the 
pharyngeal bones alone. While the head is invariably 
naked, the body is generally covered with scales, and 
although it may be scaleless it is never invested with 
bony plates. False gills may be developed, and, if so, 
are glandular. When a swim-bladder is present, it 1s 
always of large. size ; and it may be divided into two 
lateral moieties enclosed in an ossified capsule, or con- 
stricted into an anterior and posterior portion which are 
not thus protected. The numerous members of this 
family are fresh-water fish, confined to the Old World 
and North America, being quite unknown in the southern 
half of the New World, and also in Australia. Showing 
much less diversity of form and habits than the cat-fishes, 
the carp tribe are mostly omnivorous, although a few 
are purely vegetarian. Some of them prefer muddy 
situations, where their barbels are probably of assist- 
ance, but they mostly differ from.cat-fishes 1n selecting 
clear waters. The Indian forms seem to be more 
carnivorous than their European relatives, many of 
the larger kinds preying upon their smaller brethren. 

On account of their more cleanly feeding habits the 
flesh of the carps is superior to that of the cat-fishes. The 
family is represented by over a hundred existing genera, 
arranged under two subfamilies. 


TRUE CARPS 


The common carp (Cyprinus carpio) claims our 
attention as the typical representative of the subfamily 
Cyprinine, characterised by the swim-bladder not being 
enclosed in bone, and divided 
into an anterior and posterior 

moiety. 
' Belonging to a group in 
. which the anal fin is short 
) and usually furnished with 
five or six branched rays, 
true carp have the lateral 
- line running along the 
s 1 middle of the tail, the dorsal 
| fin placed opposite the pel- 
=, vics, and containing a more 
or less strongly saw-edged 
; bony ray, and more than 
nine branched rays, while 
the pharyngeal teeth are ar- 
- ranged in three series, with 
those of the outermost one 
molar-like. The snout is 
rounded and blunt, with four barbels, and the rather 
narrow mouth at its extremity. The true carps form 
a small genus confined to the temperate parts of Europe 
and Asia, the common species being a native of the 
latter continent, and abundant in a wild state in China, 
where it has also long been domesticated. Thence it 
was introduced into Germany and Sweden, and subse- 
quently into Britain—it is said early in the seventeenth 
century. Besides the ordinary form, there are many 
domesticated varieties, differing either in the form of 
the body or the size and arrangement of the scales. 

Among the latter, one of the most remarkable is the 
so-called mirror-carp. In this variety, found only in 
ponds, the scales are three or four times the normal 
size, and, instead of covering the whole body, are 
arranged in from one to three longitudinal rows, with 
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bare skin between them. The ¢ Ge See Coa 


leather-carp is another form | 
in which the scales are either | 
few and enlarged or absent 
altogether. i 
In Western Europe the carp | 
has taken kindly to its new 
habitat, not infrequently at- 
taining as much asa yard in 
length, with a weight of 25 | 
pounds, while very much } 
larger specimens are on 
Mecords ss breterrings still 
waters, with a soft, muddy | 
bottom, in which it grubs 
with its snout for food, § 
the carp feeds on various 
vegetable substances, as well 
as on insects and other small |. 
aquatic invertebrates. When | 
the surface of their haunt is | 
locked in ice, carp lie deeply © 
buried in holes in the mud, 
frequently consorting in. 
numbers, and undergoing aj; | 
partial hibernation, which is 8 
not broken till the returning © * 
warmth of spring. Their: ~ 
growth is extremely rapid, and 
their fecundity extraordinary, 
nearly three-quarters of a million eggs having been 
counted in the roe of a medium-sized specimen. 


CRUCIAN AND GOLDEN CARP 


Easily distinguished by the absence of barbels, the 
Crucian carp (Carassius vulgaris), and the golden carp 
or gold-fish (C. auratus) are the best-known representa- 
tives of another closely allied genus ; the former being 
a native of Central and Northern Europe, but also 
found in Italy and Siberia, while the home of the second 
is China and the warmer parts of Japan. Both are 
comparatively small species, and have long been 
domesticated ; but while the Crucian carp always 
retain the original brownish colour, the domesticated 
variety of the golden carp has assumed the well-known 
golden tinge from which it takes its name; an albino 
form being also known. Among the numerous varieties 
of this fish the most curious is the so-called telescope- 
fish, taking its name from the prominence of the highly 
movable eyes, and also characterised by the great 
development of the caudal fin, 


BARBELS 


Represented by some two hundred tropical and 
temperate Old World species, the barbels are best known 
by the common European form (Barbus vulgaris) and 
the gigantic mahseer (B. mosal) of India and Ceylon, 
Agreeing with carp in the structure of the anal fin, and 
the position of the lateral line and dorsal fin, they 
belong to a subgroup of genera in which there are 
generally not more than nine rays in the dorsal fin, the 
pharyngeal teeth being arranged in three rows, the 
greater part of the cheek not covered with bone, the 
anal scales not enlarged, and the eye unprovided with a 
fatty lid ; while they are specially characterised by the 
arched mouth—devoid of internal folds—and by false 
gills. The anal fin is frequently tall, the lips are devoid 
of any horny covering, and the barbels, if present, may 
be-either two-or four in number. The scales are either 
small or very large, and the body is frequently much 
more elongated than in true carp. While some species 
are not more than 2 inches in length, the mahseer, and 
some other kinds, maygrowtoat least 6 feet. The common 
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form, which has four barbels, not uncommonly grows to 
a length of 2 feet, with a weight of from 8 to 10 pounds, 
but may attain much larger dimensions. 


GUDGEONS 


We have next to mention the gudgeons (Gobzo), which 
may be distinguished from the foregoing by the pharyn- 
geal teeth being arranged in a double or single series, 
the body being entirely covered with scales, and the 
snout having two small barbels, with the mouth inferior 
in position, and the premaxillary bones protractile. 
The scales are of moderate size, the short dorsal fin has 
no spine, and the intestine is remarkable for its short- 
ness. These small fishes are represented only by two 
species, of which G. fluviatilis is British ; and, like the 
barbels, they are purely carnivorous. 


WHITE-FISH 


From the whole of the forms just described, the so- 
called ‘‘ white-fish ’’ differ in the circumstance that 
the anal fin is short or of medium length, with from 
eight to eleven branched rays, and does not extend 
forwards beneath the line of the dorsal ; the lateral line, 
when complete, running nearly or quite in the middle 
of the tail. From certain allied forms they are dis-~ 
tinguished by the short dorsal fin having no bony ray ; 
and the pharyngeal teeth form a single or double series, 
the margin of the lower jaw is not cutting, and there 
are no barbels. As distinctive peculiarities of the 
white-fish may be mentioned the protractile premaxillary 
bones, the overlapping scales, and the smooth outer 
surface of the pharyngeal teeth. 

The roach (Leuciscus rutilus) agrees with several other 
species in having a single series of pharyngeal teeth, at 
least ten rays in the anal fin, and the dorsal nearly 
opposite the pelvic fins, its deep body being silvery, and 
the lower fins of the adult generally tinged with red. 
Its range is confined to Europe north of the Alps. On 
the other hand, the chub (L. cephalus) is an example of a 
second group in which there are two series of pharyngeal 
teeth. This fish has a somewhat wider distribution 
than the last, extending south into Italy and east into 
Asia ; it is uniformly coloured, with grey-edged scales, 
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To the same group of the genus belongs the dace 
(L. vulgaris), with the same distribution as the roach, 
to which it represents a considerable external resem- 
blance, although smaller and longer in form ; its sides 
being silvery, but the fins not tinged with red. Roach 


and dace are commonly found in company, and have 
confined to 


identical habits. tidus) is 
the central and northern 

countries of the Continent, ; .- 
and is a uniformly-coloured 2 
species nearly allied to the 
last. The orfe is a golden- 
coloured domesticated variety 
bred in Germany. Another 
member of the saine group is 
nie. ridd, oO, ted-eye, (2, 
evythophthalmus) whichranges 
all over Europe and Asia, 
and may be distinguished by 
its scarlet lower fins, the 
general hue of the scales 
being coppery. 

The familar and diminu- 
tive minnow (L. phoxinus) 
differs from all the foregoing 
members of this group by the 
incomplete lateral line, its 
range being lmited to Europe. although it is repre- 
sented by an allied species in North America. 


Dieside™ (a: 
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TENCH . 

Representing a genus by itself, the European tench 
(Tinca vulgaris) differs from the white-fish by the 
presence of a small pair of barbels to the mouth; the 
pharyngeal teeth forming a single series. The small 
scales are deeply imbedded in the thick skin; thereisa 
complete lateral line ; both the dorsal and anal fin are 
short; and the caudal is but slightly indented. The ter- 
minally-situated mouth hasitslipsmoderately developed. 

While white-fish prefer clear running steams, the 
tench frequents ponds, lakes, and other more or less 
stagnant water ; its colour, which is sometimes bronzy 
golden, and in other cases olive-green, with a more or 
less blackish tinge, is stated to vary with the purity or 
otherwise of the water in which it lives. Tench always 
keep near or in the mud, beneath which they entirely 
bury themselves during the colder months. A good 
tench will weigh 4 pounds, but examples of 5 pounds, and 


even over, are not very 
uncommon. Itis probably a 
owing to the abundant 


supply of mucus secreted 
by the skin that this fish 
was considered to be en- 
dowed with healing powers. @, 
Tench are exceedingly pro- , 


lific, and, as they bear @ 
transport easily, are © 
admirably adapted for 


stocking ponds. 


BEAKED CARP 


By the name of beaked 
carp may be distinguished 
a small genus, containing 
seven species, from Con- 
tinental Europe and Western Asia, and differing from the 
two foregoing by the margin of the lower jaw forming 
a cutting edge, overlaid by a brown horny layer ; one 
of the species (Chondrostoma nasus) being represented 
on page 1729. These fishes are further character- 
ised by the medium or small size of the scales, the 
termination of the lateral line in the middle of the 
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deepest part of the tail, by the dorsal fin having not 
more than nine branched rays, and being situated 
opposite the root of the pelvics, and also by the rather 
elongate anal bearing ten or more rays. The mouth 
is inferior in position, and transverse ; and there are 
no barbels. Commonly known in France as le nez, 
the figured species does not usually exceed 18 inches 
in length, with a weight of 
about 3 pounds. Itisgenerally 
found in deep water, where 
it feeds on various vegetable 
¢_, substances, especially on the 
| green confervoid growth 
covering submerged stones, 
which is neatly mown off by 
a scythe-like action of the 
- horny margin of the trans- 
’ verse lower lip. 


BITTERLING 


The bitterling (Rhodeus 
amarus), is a small roach-like 
European fish representing 
one of four genera of small 
= carp mainly native to Eastern 

Asia, and having the follow- 

ing distinctive features. The 
anal fin is of moderate length, and extends forwards to 
below the line of the dorsal; the lateral line, when fully 
developed, runs on or near the middle of the tail; and 
there is but a single series of pharyngeal teeth. 

The bitterling belongs to a genus characterised by 
the incomplete lateral line and the small size of the 
scales, and is locally distributed in Central Europe, 
not infrequently in hot springs. It is one of the smallest 
of European fishes, the females being generally about 
14 inches long, while the males do not exceed twice 
this size. 


The name is derived from the bitter taste 
of the flesh ; and only perch and eels will take it asa 
bait. In common with its allies, the bitterling is 
remarkable for the fact that inthe spawning season the 
oviduct of the female is produced into a long pro- 
jecting tube, which is introduced within the shells of 
fresh-water mussels, where the eggs will be protected 
from the attacks of enemies. 


BREAM 


The common European bream (dbvamis brama) is 
the type of a large group 
» of genera, characterised by 
| a long anal fin, and by_ part 
or all.of the abdomen being 
compressed into a sharp 
edge. In the type genus 
the body is deep or oblong 
in form, with the scales of 
moderate size, and the 
lateral line running below 
the middle of the tail; 
-| the short spineless dorsal 
fin being situated opposite 
| the interval between the 
| pelvic and anal fins. The 
lips are simple, the upper 


TENCH being protractile, and 
generally longer than the 
lower. The pharyngeal teeth are in either a single 


or double series; and the scales do not extend 
across the sharp edge of the lower surface of the 
hinder part of the body. Distributed over Europe 
north of the Alps, portions of Western Asia, and 
North America, breams are represented by about 
fifteen species, of which the common bream and 
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the white bream (4. blicca) are found in Britain. 
The white bream has the general colour of the sides 
bluish white, without any trace of the golden yellow 
lustre distinguishing the common species, often termed 
the carp-bream. They may also be distinguished by 
the iris of the eye in the latter being yellow, and in the 
former silvery white, tinged with pink. In some of the 
Irish lakes bream run to as muchas 12 or 14 pounds in 
weight; and, as they are greedy, great numbers can 
be taken by the aid of : 

ground-baiting. a 


RAPFEN 


Rapfen is the Austrian 
name of the typical 
representative (dspius 
vapax) of a small genus 
of carps containing four | 
species from Eastern . 
Europe and China, and 
somewhat intermediate in 
structure between breams 
and bleaks. Agreeing with 
the former in the shortness 
of the gill-rakers, these 
fishes always have the lower jaw projecting considerably 
beyond the upper, which is but slightly protractile; the 
anal fin never has less than thirteen rays; and the sharp 
lower edge of the abdomen behind the pelvic fins is 
crossed by the scales. Common in Eastern and Northern 
Europe, but unknown in Britain, the rapfen is generally 
found in lakes or rivers flowing through level country, 
as it requires clear but tranquil waters. In colour it 
is bluish black above, with the sides bluish white and 
the under surface white ; 
the dorsal and anal fins 
being blue, and _ the 
others tinged with red. 
In weight this fish does 


ee 
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not exceed a dozen 
pounds, and in length 
never measures more 
than a yard. 

BLEAK 


Especial interest at- 
taches to the beautiful 
little fish known as the 
bleak (Alburnus lucidus), 
on account of the use of 
the pearly matter from 
its scales in the manu- 
facture of artificial 
pearls. 

The Chinese are sup- 
posed to have employed 
the scales of various 
fishes. for ornamental 
purposes from time im- 
memorial, and to have 
invented the artificial 
pearl process, which was 
introduced into Ger- (1) 
many and France about 
the middle of the seventeenth century. The scrapings of 
the scales are placed in an aqueous solution of ammonia, 
constituting what is known as “ essence d’orient.”’ The 
pearls consist of hollow spheres of glass, which are first 
lined with the essence and then filled with a kind of wax. 

There are fifteen species, ranging over Europe and 
Western Asia; the common British species being 
found only to the north of the Alps, although re- 
presented by an allied form in Italy. From both the 
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preceding genera these fish are distinguished by the 
slender and lanceolate form of the closely-set gill- 
rakers. The body is more or less elongate, with the 
scales of moderate size, and the lateral line running 
below the middle of the tail. The fins are generally 
similar to those of the last genus; and the lower jaw 
projects more or less beyond the upper, which is 
protractile. In the hinder part of the abdomen 
the scales do not extend across the sharp lower edge. 

Generally about four or 
five inches in length, and 
never exceeding seven, the 
common bleak is steel- 
blue in colour above, with 
silvery white sides and 
under surface, and the 
dorsal and caudal fins grey, 
the others being colourless. 
It is found in rivers, lakes, 
and ponds, preferring clear 
water; and in calm, warm 
weather swimming rapidly 
about near the surface in 


aoe : search of flies and other 


insects. During the 
spawning season (May and June) bleak collect in 
large shoals, which are preyed upon not only by 
perch, but also by gulls and terns. 


SIGHEL 


The sichel (Pelecus cultratus) is a curious-looking fish, 
forming the sole representative of its genus. It is 
characterised by the whole of the abdominal surface of 
the oblong and compressed body forming a sharp cutting 

Cena , edge; the scales being 
| small, and the lateral line 
making a sudden descent 
behind the pectoral fin 
towards the lower sur- 
faces ihe clett. otmtne 
mouth is always peculiar 
in having a nearly per- 
pendicular direction. 
The pectoral fins are 
unusually tall, and the 
dorsal is placed far back, 
and above the anal, 
which resembles that 
Of) thes bream anes 
numerous rays. On the 
pharyngeal bones the 
teeth are arranged ina 
double series, and are 
strongly hooked. In 
profile this fish, which 
generally ranges from six 
inches to a foot in length, 
is remarkable for the 
straightness of the line 
of the back and the 
convexity of its lower 


ies “— border. It is_ widely 
AND (3) BEAKED CARP distributed in Eastern 

Europe, being common 
in the Black and Caspian seas, as well as in their 


affluent rivers. 
LOACHES 

With the small fishes known as loaches, of which 
there are three European genera, we come to the 
second subfamily (Cobitine) of the carp tribe, which is 
characterised by the swim-bladder being either partially 
or entirely enclosed in a bony capsule ; false gills being 
always absent. The intestine may act as an accessory 
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breathing organ. The swim-bladder sometimes loses 
its original balancing function, and becomes trans- 
formed into what may be called a ‘‘ meteorological ”’ 
sense organ, being connected with the skin by a special 
passage and reacting to changes in atmospheric tem- 
perature and pressure ; on which account the Germans 
give the name of “ weather fishes ”’ to these forms. 

In these fishes the body may be elongate, oblong, 
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(I) COMMON LOACH, (2) GIANT LOACH, 


compressed, or cylindrical, but is never depressed ; 
the snout and lips are fleshy ; and the small, inferiorly- 
placed mouth is furnished ‘with from six to twelve 
barbels. The median fins are spineless, the dorsal 
having a variable number of rays, but the short anal 
possessing but few, while the pelvic pair may be 
wanting ; scales small, rudimentary, or absent, and, 
when present, cycloid, and usually immersed in 
mucus; in one Oriental genus, developed upon the 
back and sides of the head. The loaches of this sub- 
family are confined to Europe and Asia; and while 


some European species are partial to swift 
clear streams with a stony bottom, the Indian 
forms delight in muddy tanks, where they bury 


carnivorous, 
the European 


themselves in the mud. All are 
and, in spite’ of their small size, 
species are esteemed as food. 

The giant loach (Misgurnus fossilis) is the 
largest European member of the group, and 
belongs to a genus of four species, common to 


Europe and Asia north of the Himalaya. The 
genus is characterised by the elongate and 
compressed form of the body, the absence of 


an erectile spine near the eye, and the presence 
of from ten to twelve barbels, four of which 
belong to the lower jaw; the dorsal fin being 
placed above the pelvic pair, and the caudal 
rounded. The European species, which grows to 
a length of 10 inches, is found in stagnant waters 
in Southern and Eastern Germany, and North- 
Western Asia ; being replaced by an allied form 
in China and Japan. 

The true loaches (Nemachilus), on the other 
hand, have six upper barbels, and none on the lower 
jaw. They are represented by some fifty species 
from Europe and Temperate Asia; the common 
British loach (N. barbatulus) being found in clear 
streams all over rig Hs with the exception of Den- 
mark and Scandinav The spiny loach (Cobitis 
tenia) is the typical deoreceheae of a third genus, 
distinguished from the last by the presence of a 
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small, bifid, erectile spine below each eye. It is 
recorded from Cambridgeshire, Gloucestershire, and 
Surrey. The figured species is locally and sparingly 
distributed in Britain, but more common on the 
Continent. An extraordinary little loach, between 
3 and 4 inches long, from North Borneo (Gastromyzon 
borneénsis) is specially adapted to life in mountain 
streams and torrents, for the paired fins with the 
under side of the body are converted into a 
sucker, by which: the fish can hold on to stones 
and escape the danger of being washed away. 
THE PIRAYA 

As an example of a very extensive family 
(Erythrinide) of fresh-water fishes confined to 
Tropical America and Africa south of the Sahara, 
we select the American piraya (Serrasalmo ptraya). 
As in the carps, the body is scaled and the head 
naked ; but barbels are invariably wanting, and 
the jaws may be_either toothless or furnished with 
a powerful dentition. In most cases there is a 
small fatty fin behind the dorsal; the swim- 
bladder is always transversely divided into halves, 
and there are no false gills 

The peculiar geographical distribution of the 
family 1s very similar to that of the cichlids, and 
there can be little doubt that the ancestral types 
originally inhabited the great land-mass of the 
Northern Hemisphere, from whence they migrated 
southwards to their present isolated distributional 
areas. In their migration to Africa they have 
been accompanied by members of the carp tribe; 
in Tropical America they entirely take the place 
of that family. The numerous genera, nane of which 
are common to the two hemispheres, are ranged under 
eleven groups or subfamilies, the majority of which are 
confined to either the one or the other half of the 
distributional area, although a few have representatives 
of both. As regards their habits, some of these fishes 
are strictly carnivorous, while others are as exclusively 
vegetable-feeders. 

The piraya belongs to the last subfamily, which 
includes four exclusively American genera, represented 
by some forty species, and characterised by the some- 
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THE PIRAYA 


what elongated dorsal fin, behind which is a small 
fatty fin; by the gill-membranes being free from the 
isthmus, and also by the distinct serration of the 
middle line of the under surface of the body. The 
piraya and its allies attack human beings, and inflict 
formidable bites with their razor-edged teeth. The 
smell of blood is said to attract them in very large 
numbers, 
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PELs AND FHEIR ALLIES 


We now come to the consideration of the suborder 
Anguilliformes, including several families. 

The members of the two families Murenide and 
Symbranchide are characterised by the elongated 
“eel-like”’ form of the body, but this is not a 
safe guide to affinities. The first family, which 
includes the true eels, muranas, and congers, 1S 
characterised by the normal structure of the upper 
jaw, which is formed in front by the premaxille 
(more or less fused with the vomer and ethmoid) 
and laterally by the toothed maxilla. The 
median fins, when present, are either con- 
fluent or separated by the projecting tail ; 
the pectorals may or may not be developed, 
but the pelvic pair is invariably wanting. 
There are no accessory breathing organs ; 
the stomach has a blind appendage; the 
vent is generally situated far back, but may 
be near the pectoral fins; and the ovaries 
have no ducts. The skin may be either 
completely naked or may contain rudi- 
mentary scales. 

Eels are found in the fresh waters and 
seas of the greater part of the temperate 
and tropical regions, some living at abyssal 
depths in the ocean. The young of all are 
pelagic for a portion of their existence, and 
many or all of these larve, which are known 
as Leptocephalt, or glass-fishes, are very much 
larger than the fully-developed young eels. 


MUR/ENAS 

The murznas are large marine eels, remarkable for 
their bright-spotted or mottled coloration, and taking 
their name from the species here figured (Murena 
helena), which was so called by the ancient Romans. 
Belonging to.a small section of the family characterised 
by the gill-openings into the pharynx being in the form 
of narrow slits, they are specially distinguished by the 
median fins being well developed, and the total absence 
of pectorals. The skin is scaleless, the mouth is well 


THE EEL 


furnished with teeth; and there are two nostrils on 
each side of the snout, the front pair being tubular, while 
the hinder ones may be either tube-like or mere flat 
openings. : 
The muranas, of which there are more than eighty 
species, are distributed over all tropical and temperate 
seas, and a few ascend tidal rivers. |The majority of 
them are armed with formidable teeth—which 


frequently alter considerably- with age—adapted for 
seizing the fish on which they feed. They are often 
very savage. The figured species, which ranges 
from the Mediterranean to the Indian Ocean and 
Australia, has the ground-colour a rich brown, upon 
which are large yellowish spots, each dotted with 
smaller spots of brown. 


TORII, IE) SIES: 
The typical eels, familiar to all in the form of the 
common European species (Anguilla vulgaris), agree 
with the great majority of the family in having the 


MEDITERRANEAN MURANA 
gill-openings into the pharynx as wide slits. The skin 
contains small scales imbedded in its substance; the 
upper jaw does not project beyond the lower; the 
small teeth are arranged in bands ; the narrow external 
gill-openings are situated at the base of the well- 
developed pectoral! fins, and the dorsal fin begins ata 
considerable distance behind the back of the head. 

Eels, of which there are numerous species, appear 
to be distributed throughout the fresh waters of the 
habitable portions of the globe, being reputed to be 
absent only from those of the Arctic regions, and 
probably also from cold, elevated districts like Turkestan 
and Tibet. The common European eel is spread over 
the greater part of Europe and the Mediterranean 
area—although unknown in the Danube—and reappears 
in the United States. About a yard is a good size for 
an eel, although much longer specimens are on record. 
Few subjects have given rise to more discussion than 
the mode of propagation of eels, and it is only com- 
paratively recently that the puzzle has been solved. 

The matter has excited interest and engaged attention 
from very early times; allusions to the subject will 
be found in some of the early publications of the 
Royal Society ; and Gilbert White, in one of his letters 
(1768) embodied in ‘‘ The Natural History of Selborne,”’ 
speaks of the “‘ dubiousness and obscurity attending 
the propagation ”’ of eels, among other animals. Male 
eels were only definitely recognised in 1873 by Syrski, 
at Trieste, while ripe eggs were not known until 1888, 
when Raffaele discovered some in the Bay of Naples. 
It was, of course, known that full-grown eels migrate to 
the sea, and that in the spring and early summer 
innumerable little ‘‘elvers’’ ascend rivers, which 
naturally suggested that spawning takes place in salt 
water. 

We now know that the curious little glass-fishes 
(Leptocephalt), once supposed to be distinct species, 
are the larve of various fishes of the eel kind. 
J. T. Cunningham describes them as follows: ‘“ The 
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Leptocephali (which means, literally, small-heads) have 
some of the characters of the larve of other fishes, 
but they have also many striking peculiarities of their 
own. Like other fish-larve, they are transparent, and 
have no scales or silvery layer in the skin, and the 
bony skeleton is not developed. Their chief peculiar- 
ities are the great depth of the body from the back 
to the belly, its remarkable thinness from side to 
side, the small size of the head, and the large size of 
the whole creature. The largest specimen described 
was 10 inches long, but the more usual length is 5 or 
6 inches, and some are smaller than this. The vent is 
usually near to the hinder-end of the body. 

“Tt is remarkable that the great vertical depth belongs 
to the body itself, and is not due to the presence of a 
broad fin-membrane like that of other fish-larve. On 
the contrary, the fin-membrane is very narrow or 
absent, and in cases where a longitudinal fin with 
rudimentary rays is present, this also is narrow. In 
the thin specimens there is no red blood, but specimens 
have been described in which the body was more 
rounded and red blood was 
present ; in these the whole 
development was obviously 
more advanced.”’ 

The first recorded speci- 
men of these Leptocephali 
was captured near Holyhead 
in 1763, and received the 
name of morris-fish (Leptoce- 
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As to the actual facts from which these conclusions 
are drawn, reference may first be briefly made to 
the marine eels (Muvena), which abound in the 
Mediterranean. They ordinarily live at great depths 
at least 500 metres—but are at times brought to the 
surface by currents. To such currents are due the 
capture of individuals containing ripe eggs, the eggs 
themselves, and the larval forms. When first hatched, 
the larva is not a typical glass-fish (Leplocephalus), but 
soon becomes one, sometimes diminishing in size to 
an extent of an inch or an inch and a half. 

The larve of the common eel, when captured, vary 
in length from 2} to 3 inches. In the course of develop- 
ment the tail-fin gradually assumes the adult character, 
but the eyes are larger than in the youngest elvers 
yet observed. Although a complete transition from 
Leptocephalus to elver, or young eel, was not observed 
in the original research, yet the transition from one to 
the other actually took place in Grassi’s aquarium. 
But, apart from this, the identity as to the number of 
muscle-segments in the larva and adult, together with 
™ certain peculiarities of 

coloration, seemed sufficient 

to prove the identity of the 
two forms, and the identifi- 
cation has been confirmed 
by later observations. 
Ne The stage into which the 
first larve developed need 
not be described, except to 


phalus morrisit). Mr.T.N. 
Gill, in 1864, concluded that 
the morris-fish is really a 


say that, as in other members 
of the family in a similar 
grade of development, the 


larval conger, and this was 
actually proved by Yves 
Delage, at Roscoff, in 1886. 


teeth were extremely minute 
B. and few in number. In this 
stage the eel can be found 


The details were worked out 
in South Italy during 1887- 


in the sea during winter. 
The next developmental 


1892 by Professor Grassi 
and Dr. Calandruccio, and 
a brief summary of their 
results follows. 

The common eel matures 
in the deep sea, where it 
acquires larger eyes than are 
ever observed in individuals 
which have not yet migrated 
to deep water, with the ex- 
ception of individuals found 
in the disused Roman 
cloace. The abysses of the 
sea are the places of spawning, and the eggs float in the 
sea-water. In developing from the egg, the eel under- 
goes a metamorphosis—that is to say, passes through 
a larval stage (Leptocephalus brevivosiris). How long 
this development takes is very difficult to establish, 
but the following data are available: (1) The eel 
migrates to the sea from October to January. (2) The 
currents, such as those of the Straits of Messina, throw 
up from the abysses of the sea specimens which, from 
the beginning of November to the end of July, are 
more advanced in development than at other times, 
though not completely mature. (3) Eggs which most 
probably belong to the common eel are found in the 
sea from August to January inclusive. (4) Leptoce- 
phalus brevivosivis abounds from February to December. 
There is some uncertainty about the other months of the 
year, because, during these, the only natural fisherman, 
the sun-fish (Othagoriscus mola) appears very rarely. 
(5) The elvers ascending rivers are probably already 
one year old, and aquarium specimens of Leptocephalus 
brevivostvis can transform themselves into elvers in the 
course of a month. 


- WMA trys 
WI oe nrc 


we 


METAMORPHOSIS OF AN EEL 


A, glass-fish ; B, beginning of metamorphosis; c, glass-elver; Db, elver 
from fresh water 


form can be captured when 
migrating from the sea into 
fresh water. When kept 
in an aquarium they assume 
the characters of elvers, 
taking no food, and dimin- 
ishing more or less in size. 
As the change into the 
We elver proceeds, the tempor- 
ary teeth in the upper jaw 
are shed, the pointed snout 
becomes rounded, and the 
vent becomes gradually 
shifted forwards. The back and bellv fins are also 
pushed farther and farther forwards, the former at a 
greater rate than the latter. The depth of the body 
likewise becomes reduced until it becomes nearly 
cylindrical, while in the later stages the length becomes 
reduced. Pigment is developed in the skin, the eyes 
also becoming slightly reduced in size during the Change. 
After breeding in the deep-sea, eels apparently die ; at 
all events, they are not known to re-enter fresh water. 
For some time it has been known that eels put on a 
special nuptial dress, the skin acquiring a silvery hue, 
devoid of the usual yellow tinge, the pectoral fins 
becoming blackish in colour, and the eyes increasing in 
size. That these changes have reference to spawning 
was inferred from the fact that they only took place in 
eels with enlarged reproductive organs, which had 
ceased to take food, and were migrating to the sea. 
Individuals brought up by currents in the Straits or 
Messina exhibited these features to an exaggerated 
degree, the pectoral fins being deep black, and the eyes 
still larger, and round instead of elliptical. The repro- 
ductive organs were fully developed in the males. 
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The migrations of these fishes may be 
said to be two annually, adults descending 
seawards to breed, as they do in the 
Severn, about the month of September, 
although this migration in Norfolk is 
asserted to begin as early as July. There 
is likewise an up-stream migration of 
young eels, or elvers, in the earlier months 
of the year up to May or June, or even 
later, during this period the banks of the 
rivers being in places black with these 
migrating little fishes. These young eels 
have been observed to ascend floodgates 
of locks, to creep up water-pipes or 
drains ; in short, mechanical difficulties 
scarcely obstruct them, and they will 
even make a circuit over a wet piece of 
ground in order to attain a desirable spot. 

In order to give some idea of the vast 
numbers of young eels that take part in 
these migrations, or, as they are popularly 
called, “ eel-fares,”’ it may be mentioned 
that upwards of three tons of elvers 
were despatched in a single day from the 
Gloucester district in the spring of 1886, 
and that it has been calculated that over fourteen 
thousand of these fish go to make a pound weight. In 
the previous year the annual consumption of eels was 
estimated at a minimum of 1,650 tons, with a total 
value of £130,000. The annual value of the yield of 
the Danish eel-fisheries is estimated at £100,000. The 
largest species of eel occur in the islands of the 
South Pacific and New Zealand, where they inhabit 
lakes. Specimens from these regions have been 
recorded to measure from 8 to Io feet in length. 


CONGERS 

Resembling the true eels in the presence of pectoral 
fins, in the tail being surrounded by the median fin, and 
the free tongue, the gigantic marine forms known as 
congers differ in being scaleless, in the deep cleft of the 
mouth, in the presence of a set of teeth on the outer 
sides of the jaw, placed so-close to one another as to 
form a cutting edge, and by the dorsal fin beginning 
at a point just behind the base of the pectorals. 
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BENGAL SHORT-TAILED EELS 


The common conger (Conger vulgaris), the female ot 
which may grow to a length of 8 feet, appears to be 
almost cosmopolitan in distribution, being as abundant 
in the seas of Tasmania and Japan as it is in British 
waters. Congers to a weight of about 70,000 cwt., and 
the value of almost £50,000, are caught annually in 
British waters. These fishes feed chiefly by night, and 
prey upon crustaceans, cuttles, and various kinds of 
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CONGER EEL 
fish, such as pilchards and herrings. Their favourite 
resorts are either hollows or crevices in the rocks, or 
sandy bottoms, in which they can bury themselves, 
and in such situations they are sometimes left by thx 
ebbing tide. The flesh of these eels is of a highly 
gelatinous nature, and is said to be largely employed 
in soups. 


DEER-SEASREERIS 


Only a few words can be devoted to the deep-sea 
members of the family, which are represented by several 
genera. Among these are certain congers (Synapho- 
branchus) occurring in the Atlantic, Pacific, and Indian 
Oceans at depths of from 200 to 2,000 fathoms, and 
characterised by the gill-openings being united into a’ 
single longitudinal slit on the under surface of the body 
between the pectoral fins, the gape being very wide, 
the teeth small, and the body scaled. In these forms 
the muscular system is well developed ; but in another 
genus (Saccopharynx) it is extremely feeble, except on 
the head, and the bones are soft and 
spongy. The head and gape are of 
immense size; the snout is short and 
flexible ; the weak jaws are armed with 
| long, slender, curved teeth, placed at 
intervals ; and the gill-openings are wide 
and situated on the lower part of the sides 
at some distance from the head, the 
narrow gills being free and exposed. 

The long and band-like tail ends in a 
long, tapering filament, and the dorsal 
and anal fins arerudimentary. As in the 
last genus, the stomach is capable of 
great distention, and specimens which 
- had swallowed fish of many times their 
- own weight have been found floating in 
the Atlantic with this organ dilated to 
its utmost. 


SINGLE-SLIT EELS 


It has been already noticed that in one of the deep-sea 
eels the gill-openings are confluent into a longitudinal slit 
on the under surface of the body, and a very similar con- 
dition characterises the second family of eels (Symbran- 
chid@), only in this case the slit is transverse. A better 
distinction is, however, afforded by the structure of the 
upper jaw, the margin of which in the present family is 
formed entirely by the premaxilla, on the inner side of 
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which le the maxilla. The paired fins are rudimentary, 
and the vertical ones wanting; while the scales, if 
present, are minute; and accessory breathing organs 
may be developed. A swim-bladder is wanting, the 
stomach has no blind appendage, and the ovaries are 
furnished with ducts, the vent being situated far behind 
the head. Although the majority of these eels inhabit 
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SLENDER PIKELET 


fresh and brackish waters in Tropical Asia and America, 
they are also represented in Australia, where one genus 
is marine. 

Of the fresh-water forms, the most remarkable is the 
amphibious eel (Amphipnous cuchia) of Bengal, in which 
there is an accessory breathing apparatus, and the body 
isscaled. There are only three gill-arches with rudimen- 
tary lamine, separated from one another by narrow 
slits; and the additional breathing organ takes the 
form of a lung-like sac on each side of the neck communi- 
cating with the gill-chamber. Day states that “ this 
amphibious fish, when kept in an aquarium, may be 
observed constantly rising to the surface for the purpose 
of respiring atmospheric air direct. It usually remains 
with the snout close to the surface, and in like manner 
lies in the grassy sides of ponds and stagnant pieces of 
water, so that without trouble it may obtain access to 
air.”’ Indeed, the chief respiration of this fish is 
carried on by means of the two sacs on the sides of the 
neck, which can be inflated and emptied at will. 

In the other two fresh-water genera, one of which 
(Monopterus) is confined to the Oriental region, while 
the other (Symbranchus) has a distribution coextensive 
with that of the family, there is np additional breathing 
organ, the body is naked, and the pectoral girdle is 
attached to the skull. Whereas in the former of these 
genera the gills are rudimentary, in the latter they are 
well developed ; and, in the absence of an accessory 
apparatus, it seems strange how the one species with 
rudimentary gills manages to breathe at all. The 
Bengal short-tailed eel (Svmbranchus bengalensis) has 
been selected to illustrate the external form of the 
members of this very remarkable family. 


SOUTHERN PIKELETS 

In the group F£sociformes the fins 
spineless, and there are no barbels. The pelvic fins 
are abdominal. With the exception of certain deep- 
sea fishes, most of the species inhabit fresh water. 

We may designate by the name of southern pikelets 
(family Galaxiide) certain fishes, mostly fresh-water 
forms, from the Southern Hemisphere, one of which 
(Galaxias attenwatus) is represented in the figure. These 
fishes are distinguished by having the base of the 
cranium simple, and a round or forked tail. The 
body is naked, and there are no barbels ; the fatty fin 
is absent, and the medium-sized dorsal opposite the 
anal. Internally the swim-bladder is large and simple ; 
and the eggs, as in the last family, fall into the ab- 
dominal cavity. Represented by about two dozen 
species, the largest of which seldom exceeds 8 inches 


are generally 


as 


in length, these fish are of especial interest on account 
of their geographical distribution. 

They inhabit the fresh waters of the southern 
extremities of the great land-masses, and associated 
islands, being recorded from Cape Colony, the southern 
parts of Australia, Tasmania, New Zealand, Chili, 
Patagonia, and the Falkland Islands. One species 
(Galaxias attenuatus) is believed to occur in 
all these areas, except the first. This typical 
example of ‘‘ discontinuous distribution ’’ is 
probably explained by the fact that the 
species in question is not purely fresh-water, 
but lives on the coasts of the Falklands 
(there known by the name of “smelt ”’), 
while a marine species has been found off 
the Chatham Islands. We have, in fact, a 
family formerly marine, but now chiefly of 
fresh-water habit. 

From their spotted bodies, the New 
Zealand representatives of the genus were 
formerly known as “trout” by the 
colonists, while the~,young of Galaxias attenuatus 
were eaten as ‘‘ whitebait.’’ An allied New Zealand 
genus (Neochanna), represented by a single species, 
differs in the absence of pelvic fins, all the known 
specimens of this singular form having been found 
buried in burrows of clay or hard mud at a considerable 
distance from the water. 


SOUTHERN SALMON 


By the name of southern salmon may be designated 
two genera of fresh-water fish, constituting a family 
(Haplochitonide) which represents the salmonoids in 
the Southern Hemisphere, the zebra-salmon (Ha plochi- 
ton zebra) being figured as an example of the typical 
genus. Devoid of barbels, like the salmon and herrings, 
these fish agree with the former in the presence of a 
fatty fin, but differ in having the margin of the 
upper jaw formed solely by the premaxillary bones. 
The body may be either naked or covered with scales ; 
the gill-opening is wide; false gills are present; and 
the swim-bladder is simple. The ovaries are in the 
form of plates, and, in the absence of a duct, the eggs 
fall into the abdominal cavity. The species of the 
typical genus, which, although devoid of scales, are 
externally very similar in appearance to trout, are 
confined to the lakes and rivers of Chili and the 
extreme south of Patagonia and the Falkland Islands. 


KILLIE FISHES OR CYPRINODONTS 
The cyprinodonts (family Cyprinodontide) are 
specially distinguished by the margin of the upper 
Le 
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ZEBRA-SALMON 


jaw being constituted solely by the premaxille, and 
the enlargement of the third upper pharyngeal bone. 
Externally they may be readily distinguished from the 
carps by the head being scaled as well as the body, and 
they have no barbels. Both jaws are toothed, and the 


34 


pharyugeals are also furnished with 
teeth, which are heart-shaped. There is 
no fatty fin, and the dorsal is placed far 
back. The swim-bladder is simple, and 
false gills are wanting. 

Inhabiting fresh, brackish, or salt 
water, these fish are distributed over the 
south of Europe, Africa, Asia, and 
America ; some being purely carnivorous, 
while others feed on the organic sub- 
stances in mud. Most are viviparous ; 
and the much smaller males frequently 
have the anal fin specially modified to aid 
in the reproductive process. The fins 
are usually relatively larger in the males, 
and there is also some difference in the 
coleration of the sexes. 

Cyprinodonts are represented by about 
a score of genera, which may be divided 
into two subfamilies, according to the 
nature of the food. In the first of these, 
which includes the typical genus Cyprin- 
odon, and has a distribution coextensive 
with that of the family, all the forms 
are carnivorous or insectivorous, and are characterised 
by the firm union of the two branches of the lower 
jaw in front, and likewise by the shortness or 
slight convolution of the intestines. On the other 
hand, in the second subfamily, which is exclusively 
restricted to Tropical America, the species seek their 
food in mud, and have the two branches of the lower 
jaw but loosely joined together, while the intestine is 
highly convoluted. It is in this group that the sexual 
differences are most strongly marked. 

As an example of the family we take a remarkable 
genus belonging to the first subfamily, represented by 
three species from Tropical America, one of which 
(Anableps tetvophthalmus) is shown in the accom- 
panying illustration. Having a broad and depressed 
head, with the region over the eyes much raised, the 
elongate body compressed in front and depressed 
behind, a protractile snout, and the cleft of the mouth 
horizontal and of moderate size, these fish are specially 
characterised by the structure of the eye, which is 
unique. In each eye the integuments are divided into 
an upper and a lower moiety by a dark-coloured 
transverse band in the outer layer, the pupil being 
also bisected in the same plane by means of a lobe pro- 
jecting from each side of the iris. The scales are of 
small or moderate size; the dorsal and anal fins are 
short, the latter being placed in advance of the line 
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of the former, and in the male (here larger than the 


female) modified into a long, thick, scaly organ, with 
an aperture at the end. 

These fishes are the largest existing members of the 
whole family, growing nearly to a foot in length. They 
are abundant in North Brazil and the Guianas, fre- 
quenting mud-banks on the coast and in the estuaries 


DOUBLE-EYES 


of the larger rivers, many of them being often left 
stranded by the retiring tide, where they progress 
on the slime by a series of leaps. After birth the young 
are carried about by the female in a thin-skinned sac 
divided by a partition, until they are able to take care 
of themselves. These fishes frequently swim at the 
surface with the eye half in and half out of the 
water ; and it is in accordance with this habit that 
the eyes are divided, the upper portion being able 
to see in the air and the lower in water. This is proved 
by the structure of the lens. In land-animals the lens 
is biconvex, but in ordinary fishes it is spherical. 
In the double-eye the upper and lower halves of the 
lens are respectively of these two shapes. In Brazil 
the flesh of these fish forms an article of consumption. 


PIKE 

The pike (sox lucius) represents, with other 
members of the same genus, a family (Esocid@) by 
itself. The head is scaleless, but the body is covered 
with cycloid scales; there are neither barbels nor a 
fatty fin; and the dorsal is situated in the caudal 
region, in the position of the fatty fin of the salmon 
tribe. The stomach has no blind appendage, the false 
gills are glandular and concealed, and the gill-opening 
is unusually wide. In the upper jaw sickle-shaped 
teeth are borne by the premaxille, palatines, and vomer, 

me the maxille being toothless, 
while the lower teeth are of 
variable shape. The long, 
narrow body terminates in a 
forked caudal fin, and the long, 
broad, and depressed snout has 
a projecting lower jaw. 

Confined to the fresh waters 
of the temperate regions of the 
three northern continents, pike 
may be considered a western 
rather than an eastern type, 
seeing that whereas the com- 
mon species has a range equiva- 
lent to that of the family, the 
whole of the other six species are confined to the United 
States. In Europe the pike inhabits all the Russian 
rivers, except those of the Crimea and Transcaucasia, and 
is also found in Siberia. In Lapland it extends even 
beyond the limits of the birch, while to the south it is 
common in the Venetian lagoons. Growing very 
rapidly, the pike not uncommonly attains a length ot 
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45 or 46 inches, with a weight of 35 or 36 pounds ; 
while 45 pounds is recorded; when under 4 pounds 
they are known as jack. ‘ 

It is pretty well ascertained that fish of 45 inches 
are not commonly more than about fifteen years old, 
and the stories of examples living for a century or more 
appear to be legendary. 

Pike are among the most predaceous and greedy 
of all fresh-water fish, nothing coming amiss to their 


PHOSPHORESCENT SARDINE 

voracious appetites, since not only will they devour 
worms, leeches, frogs, trout, carp, and other fishes, but 
they pull under the young, and often even the adults, 
of all kinds of water-birds, and have no objection to an 
occasional water-vole. Their habit of lying like a log 
in the water, as well as the sudden rush they make 
after their prey, are well known to all; and the damage 
these fish do to trout-streams is almost incredible. 

Pike are also great devourers of the smaller members 
of their own kind. Frequenting alike ponds, lakes, 
and rivers, pike in Ireland spawn as early as February, 
but in England a month or two later, while in some parts 
of the Continent the season lasts till May. Males, 
which are inferior in size to their consorts, are said 
to be more numerous than the latter, and it is not 
uncommon for a female in spawning time to be attended 
by three or four of the opposite sex, who crowd round 
as she deposits her eggs. 


SCOPELOIDS 


The so-called phosphorescent sardine (Scopelus en- 
gvaulis) may be taken as an example of an important 
family (Scopelide) of mostly pelagic or deep-sea 
fishes. The members of the family are devoid of barbels, 
but possess a small fatty fin some distance behind the 
dorsal. The scales, when present, are spineless. 
The margin of the upper jaw is always constituted 
solely by the premaxille; the gill-cover may be in- 
completely developed; the gill-opening is wide; 
false gills are present ; but a swim-bladder is wanting. 
The intestine is extremely short; and the eggs are 
enclosed in the sacs of the ovaries, whence they are 
extruded by means of ducts. 

In the typical genus (Scopelus) the body is oblong, 
large-scaled, and more or less compressed. Along the 
sides run series of phosphorescent spots, while similar 
glandular structures may in séme species occur on 
the front of the body and on the back of the tail. 
The cleft of the mouth is unusually wide; the pre- 
maxillary bones being long, slender, and tapering, 
and the maxille well developed. The teeth are vill- 
form, and the eye is relatively large. The pelvic 
fins are inserted just in front of or immediately below 
the line of the foremost rays of the dorsal (which is 
situated nearly in the middle of the length of the body), 
and are composed of eight rays; the fatty fin is very 
small; the anal is generally long; and the caudal 
forked. There are from eight to ten rays in the 
branchiostegal membrane. 

Among several other remarkable forms of the family 
may be noticed a very curious fish (/pnops) obtained 


at great depths during the voyage of the Challenger. 
Possessing an extremely elongated and cylindrical 
body, covered with large, thin, deciduous scales, this 
fish has a depressed head and an elongate, broad, 
spatulate snout, of which the whole upper surface is 
occupied by a luminous or visual organ, divided 
longitudinally into two halves, and representing the 
highly modified eyes. The whole length of this strange 
fish does not exceed between 5 and 6 inches. 

Another deep-sea fish (Plagyodus) is noteworthy on 
account of its large dimensions and formidable teeth : 
the scaleless body being long and compressed, the 
snout much produced, and the teeth of the jaws and 
palate of very unequal size, some forming long and 
sharply pointed tusks. 

The Indian luxury called ‘‘ Bombay duck ”’ consists 
of the salted and dried bodies of the bummalow 
(Harpodon nehereus), a scopeloid with uniformly 
phosphorescent skin that occurs in large numbers in 
the surface of the Indian Ocean. 
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BLIND-FISH 


The celebrated blind-fish (Amblyopsis spele@a) from 
the Mammoth Cave in Kentucky, the Wyandotte Cave 
in Indiana, and the subterranean streams which appear 
to connect the waters of the two, is generally regarded 
as the typical representative of a family (A mblyopside) 
closely allied to the last. This fish, which does not 
exceed 5 inches in length, and breeds viviparously, 
closely resembles the genus Cyprinodon in that certain 
specimens lack the pelvic fins. All traces of external 
eyes are wanting, and the skin is colourless. 

In order to enable the creature to find its way about 
in dark subterranean waters, its head is provided with 
a large supply of organs of touch arranged in a series 
of transverse ridges on each side, and its sense of 
hearing is also stated to be very highly developed 
Professor Cope writes that if these fish “ be not alarmed, 
they come to the surface to feed, and swim in full sight, 
like white aquatic ghosts. They are then easily taken by 
the hand or net, if perfect silence is preserved, for they 
are unconscious of the presence of an enemy except 
through the medium of hearing. They must 
take much of their food near the surface, as the life 
of the depths is apparently very sparse. This habit 


is rendered easy by the structure of the fish, for the 
mouth is directed partly upwards, and the head is 
very flat above, thus .allowing the mcuth to be at 
the surface.” 

Nearly allied to that variety of the blind-fish in which 
pelvic fins are absent is a small fish known as Chologaster, 
in which small external eyes are retained and the body 


KENTUCKY BLIND-FISH 


is coloured, the front of the head being provided with 
a pair of horn-like appendages. These small fish were 
first known from three examples taken in the ditches 
of the South Carolina rice-fields, but a fourth specimen 
was captured in a well in Tennessee in 1854. The re- 
tention of the eyes and their dark colour indicates that 
these fishes have taken to a partially subterranean 
life more recently than the blind-fish. 
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CLOSED-BLADDERED FISHES 


THE fishes of the group Physoclisti are distinguished 
from tube-bladdered fishes (Physostomi) by the 
general absence of a duct to the swim-bladder (when pre- 
sent), by the parietal bones:of the roof of the skull being 
always separated from one another by the intervention 
of the supraoccipital, and by the pelvic fins being in 
most cases either thoracic or jugular in position. They 
aresaid to be thoracic when in the same vertical line as 
the pectoral fins, and jugular when in advance of them. 
The enormous suborder Acanthopterygii includes most 
marine fishes. The front rays of the dorsal and anal 
fins are generally spiny, and the toothless maxillary 
bones do not help to form the edge of the upper jaw. 
Ghe pelvic fins are 
situated far forward, 
and the large gill-open- 
ing is placed in front == 
of the pectoral fin. 


PERCH TRIBE 


The first representa- 
tives of the spine-finned 
fishes are the perches 
(Percide), which, 
with several allied 
families, belong to a 
sectional group (Perci- 
formes) of the suborder, 
are characterised by the 
lower pharyngeal bones 
being generally sepa- 
rate, and the scales 
usually of the ctenoid type. The preopercular bone of 
the gill-cover has no bony stay connecting it with the 
eye ; the spinous portion of the dorsal fin is well deve- 
loped ; none of the additional rib-like bones known as 
epipleura are attached to the bodies of the vertebre ; the 
pelvic fins are thoracic in position, and have usually five 
(rarely four) branched rays ; and the supporting bones 
(pterygials) of the pectoral fins are longer than broad, 
and of a more or less distinctly hour-glass form. 

The perch family is distinguished by the following 
characters. In the skeleton the anterior vertebre have 
no transverse processes, but in the dorsal part of the 
series all or most of the ribs are attached to such 
processes. There are two nostrils on each side; the 
gill-membranes are free from the isthmus, or space 
between the two branches of the lower jaw and gill- 
openings ; there are four pairs of gills, with a-slit behind 
the fourth ; the gill-rays, or branchiostegals, vary from 
six to eight on each side ; more or less fully developed 
false gills are generally present ; the soft portion of the 
dorsal fin is not very much more developed than the 
anal, and the latter has either one or two spines. 

In common with the two following families, the 
perches are further characterised by the general presence 
of a lateral line continuous from the head to the tail, 
the usual absence of scales from the median fins, the 
simple conical teeth, and the absence of barbels round the 
mouth. The body is more or less elongate, compressed, 
and cylindrical, rarely it may be slightly compressed. 
The family includes a dozen genera inhabiting the 
fresh waters of North America, Europe, and Western 
Asia ; but the members of the genera Lucioperca and 
Percarina enter salt water. All are carnivorous. 


RUBE ERCHES 


The common perch (Perca fluviatilis), which is a 
fish of wide distribution, is the type of a small genus, 


THE PERCH 


agreeing with eight others in the following character- 
istics. In the head the mucussor slime canals are but 
moderately or slightly developed on the top and at the 
sides ; and the spinous and soft portions of the dorsal 
fin are:separate. In:common with six other genera, the 
body is more or less compressed ; the perches and pike- 
perches being specially distinguished by having usually 
seven (rarely eight) gill-rays; by the premaxille, or 


anterior upper jawbones, being capable of protrusion, 
and by the serration of the preopercular bone of the 
gill-cover. 

As a genus, the true perches are distinguished from 
the  pike-perches 


by the small and uniform size 
of the marginal teeth, 
and the close approxi- 
mation of the pelvic 
fins. There are teeth on 
the palatine and vomer- 
ine bones, but none on 
the tongue, and there 
are thirteen or fourteen 
spines in the first dorsal 
_ fin and two in the anal. 
= The scales are small, 
— the upper surface of the 
* head naked, and the 
preorbital as well as 
the preopercular bone 
is serrated. There are 
seven branchiostegal 
rays, and more than 
twenty-four vertebre. 
As in most of the members of the family, the mouth is 
capable of a certain degree of protrusion. 

The common perch, which seldom exceeds 5 pounds in 
weight, is distributed over the rivers of Europe (except 
Spain) and Northern Asia so far east as Lake Baikal ; 
two others being known—namely, P. flavescens from the 
eastern United States and P. schvenki from Turkestan. 
Gynerally preferring still waters, and occasionally 
descending into estuaries, the perch is one of the most 
voracious of fishes, feeding indiscriminately upon 
worms, insects, and small fishes. The spawning season 
in England is at the end of April or May, when the female 
deposits her eggs in net-shaped or elongated bands on 
the leaves of aquatic plants. The eggs are very 
numerous, upwards of two hundred and eighty thousand 
having been taken from a fish of half a pound in weight. 


PIKE-PERCHES 


The pike-perches (Lucioperca) are inhabitants of 
many of the lakes and rivers of Europe, Western Asia, 
and eastern North America, and take their name from 
their somewhat elongated and pike-like form. From 
the true perches they differ by the presence of more or 
less enlarged tusks in the marginal series of teeth, and 
by the wider interval between the pelvic fins. The two 
dorsal fins are rather low, the first having from twelve 
to fourteen spines, and the scales are small. The 
common species is confined to Eastern Europe, where 
it is much esteemed as a food-fish, grows to a length of 
3 or 4 feet,and attains a weight of from 25 to 30 pounds. 
Its extreme voracity and destructiveness to other fish 
render it an undesirable:inhabitant of preserved waters. 


RUFFES 
Under this name, which belongs properly only to the 
British form (Acerina cernua), may be included a few 
small perches. From the other members of the family 
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this and the allied genus Percarina differ by the large 
size of the slime-cavities on the sides and top of the 
head ; the ruffes being specially distinguished by the 
dorsal fin being undivided, and also by the maxilla 
being covered by the preorbital bone. The fishes of this 
genus have the body somewhat low, and the scales 
somewhat small, the continuous single dorsal fin carry- 
ing from thirteen to twenty-nine spines; and there 
are two spines in the anal fin. There are no tusks 
among the small teeth of the jaws, and the tongue and 
palaine bones are devoid of teeth, although these are 
present on the vomer. 

The genus is confined to the cooler portions of the 
Northern Hemisphere, the common: species ranging 
from Britain through Central Europe to Siberia. The 
“pope,” as the ruffe is frequently called in England, is 
common in most of the rivers and canals of that country, 
generally preferring slow, shaded streams, with a 
gravelly bottom, and closely resembling the perch in 
1s mode of life. . : 

Here may be mentioned a small family (Centrarchide), 
with ten genera of perch-like fishes, distinguished from 
the Percide and the following family by the mode of 
attachment of the ribs, which, with the exception of the 
last, or last two or four,’ are inserted on the bodies of the 
vertebre behind the transverse’ process, instead of on 
the process itself ; and: all*the vertebre in front of the 
tail, save the first two or-three, having such processes. 
Externally these fishes differ from the perches in the 
presence of at least three spines in the anal fin. The 
family is» typified by the North American genus 
Centrarchus, of which there_is but a single species: 
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THE PIKE-PERCH 
All are carnivorous fresh-water fishes, some- 
times entering estuaries, and many are in 
the habit of building nests for the protec- 
tion of their young. 


BASS AND SEA-PERCHES 


Agreeing with the Percid@ in the structure 
and relations of the vertebre and ribs, the 
sea-perches and their allies (family Ser- 
vanid@), differ in the circumstance that the 
second suborbital bone develops an internal ‘plate for 
the support of the eye. The number of spines in the 
anal fin is variable; and in one genus (Centrogenys) the 
lower pharyngeal bones are united. The family is a 
very extensive one, and may be divided into several 
subfamily groups. 


SOUTH AMERICAN PERCH 


Together with the sea-perches, the bass represents a 
subfamily (Serranine) presenting the following character- 


istics. The upper jawbone, or maxilla, is exposed, its 
upper border not being entirely concealed by the over- 
lapping preorbital ; the scales are not shed; there is no 
scaly process at the base of the pelvic fins ; the anal fin 
has three spines ;- the gill-membrane is free behind ; 
and the false gills are well developed. In distribution 
the subfamily is cosmopolitan, and while most of the 
forms are marine, a few inhabit fresh water. Among 
the latter may be mentioned the South American perch 
(Percichthys), of Chili, Western Argentina, and Pata- 
gonia, which, in common with five other genera, has 
a divided dorsal fin. From an ordinary perch these 
fish may be distinguished by the scaly upper surlace 
of the head, and the presence of nine or ten spines in 
the first dorsal and three in the anal fin. 


BASS 


To this section of the subfamily also belong the bass 
(Morone), which are partly marine and partly fresh- 
water fishes, easily distinguished from the true perch 
by having only nine~Spines in the dorsal fin, while 
there are usually three in the anal. There are also 
teeth on the tongue ; and while the preopercular bone 
is serrated, with denticulations on its lower border, 
the front border of the preorbital bone is entire. 
The scales are rather small, and extend all over 
the head. 

Of the three European and Atlantic species which are 
almost entirely marine, the best known is the common 
bass (M. labrax), characterised by its extreme voracity 
and fierceness. Elsewhere, the genus is represented by 
fresh-water species from the rivers of the United 

States and Canada. Generally not ex- 

ceeding a foot or eighteen inches in length, 

the common species may grow to three 
feet; but its flesh is then much less 
_ delicate than that of ordinary specimens. 

Bass frequent the coast in shoals, spawn- 

ing in summer, generally near the mouths 

of rivers, up which they not infrequently 
ascend for considerable distances. 


SEA-PERCHES 


In the other genera of the subfamily 
the dorsal fin is undivided, although it 


THE 


RUFFE 


may be deeply notched, the number of its spines being 
generally nine or eleven. Under the common title of 
sea-perches may be included the members of several 
allied genera, such as Centvopristes and Anthias, although 
the name is often restricted to those of the typical 
genus Sevranus, one of which (S. scriba) is represented 
in the middle of the illustration on the next page. 

In the sea-perches the body is oblong or compressed, 
and covered with small ctenoid or cycloid scales ; there 
are large tusks among the villiform teeth of the jaws ; 


1738 


i: 


SCALY-FINNED FISHES 


and teeth are also present on the palatines and vomers, 
although absent from the tongue. The preopercular 
bone is serrated behind and at the angle, but not 
below, and the tail-fin may be either rounded, squared, 
or emarginate. 

The sea-perches of the genus 
Sevranus, ot which there are an enor- 
mous number of species, range 
through the seas of all the tropical 
and temperate regions, occasionally 
ascending tidal rivers for short dis- 
tances in pursuit of prey, but being 
otherwise strictly marine. Many of 
the species vary considerably, both 
in colour and in the form of their 
fins, with age, so that specific dis- 
tinctions are difficult to establish. 


STONE-BASS 


The stone-bass (Polyprion  cer- 
nuum) is one of two species con- 
stituting a genus distinguished from 
the last by the absence of large 
tusks in the jaws, and the presence 
of teeth on the tongue; the single 
dorsal fin having eleven or twelve 
spines, and the anal three. The 
preopercular bone is denticulated, 
and there is a strongly marked, 
rough, longitudinal ridge on the 
opercular. The common species is 
abundant on the European coasts, 
while the second is from the seas 
of Juan Fernandez. Both attain a 
very large size, ranging in weight 
to 80 pounds or more, their flesh 
being of excellent quality. The 
European stone-bass frequents the 
neighbourhood of floating wood, | 
probably for the purpose of feeding | 
on the creatures to be met with 
around such objects. 


ORIENTAL AND AFRICAN PERCHES 


The two species of the genus Lates, one of which 
(L. niloticus) inhabits the mouth of the Nile, while the 
second (L. calcarifer) ranges from the shores of Balu- 
chistan through the Indo-Malayan seas to China and 
Australia, may be taken as representatives of another 
subfamily (Centropomine), with three genera, this sub- 
family differing from the last -by the extension of the 
lateral line on to the tail-fin, the presence of a scaly 
process at the bases of the pelvic fins, and the small size 
or absence of the false gills. Having no teeth on the 
tongue, and a divided dorsal fin, these fish may be 
distinguished externally from the true perches by the 
presence of seven or eight dorsal and three anal spines. 
Both the preopercular and preorbital bones are serrated, 
and the latter denticulated at the angle, the finely 
pectinated scales being of moderate size. 

The Indian perch, which may grow to a length of 
5 feet, is the only Oriental member of the family which 
commonly ascends rivers to any distance. When taken 
in the larger rivers its flesh is excellent for the table, 
great quantities being sold in the Calcutta market, 
where it is commonly “known by the name of cock-up. 
The allied genus Psammoperca is represented by two 
species, one ranging from Australia to China, while 
the other is exclusively Australian. There are many 
other generic representatives of this extensive family, 
which are far too numerous to mention, no less than 
twenty-seven occurring within the limits of British 
India, 


(1) COMMON Bass. (2) SEA-PERCH, AND (3) STONE-BASS 


SCALY-FINNED FISHES 


Nearly allied to the perches, the beautiful tropical 
species designated scaly-finned fishes are so named on 


Me 


account ot the median fins being more or less thickly 
covered with small scales. These fishes (family 
Chetodontid@) are also characterised by the deep and 
compressed form of the body, on, which the scales are 
either ctenoid or entire, and the continuous lateral line, 
which stops short of the tail-fin. The usually small 
mouth is placed at the extremity of the snout, and has a 
distinct lateral cleft. The small teeth are arranged in 
bands, and there are neither tusks nor incisors. The 
soft portion of the single dorsal fin is rather longer than 
the spinous ; the anal has three or four spines; the 
lower rays of the pectorals are branched ; the pelvic 
pair is thoracic in position, with one spine and five 
soft rays; and the scaling of the median fins causes them 
to pass imperceptibly into the body. Most of these 
curious and beautiful fishes are inhabitants of tropical 
seas, and are common in the neighbourhood of coral- 
reefs; and it may be remarked in passing that many 
reef-haunting animals exhibit brilliant hues, har- 
monising with those of the coral-polypes themselves. 

Some forms ascend estuaries and tidal rivers for a 
short distance. All are carnivorous, and of relatively 
small size, while they are but seldom used for food. The 
three genera of which examples are represented on 
page 1741 are those in which the zebra-like coloration 
attains its most marked and striking dévelopment ; and 
for the beauty and singularity of their adornment 
these fishes are almost unequalled. Out of a large 
number of existing genera it is to these that our atten- 
tion will be chiefly directed ; and it may be remarked 
that the whole of them are met with in the Indian seas. 
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CH/ETODON 

. The typical genus Chetodon belongs to a group of 
genera in which there are no teeth on the vomers or 
palatine bones, while the spines of the dorsal fin are 
not separated from the soft rays by a hollow or notch, 
and there is no spine to the preopercular bone, the genus 
in question being particularly distinguished by the 
short or moderately long snout, and the approximately 
uniform length of the spines of the dorsal fin. These 
fishes are common in the tropical Atlantic and Indo- 
Pacific, where they are re- 
presented by some seventy 
species. Nearly all are 
ornamented with bands or 
spots, a dark or two-coloured 
band passing through the 
eye, and then _ inclining 
backwards, being very char- 
acteristic. 

Of the species represented, 
C. setifer, (1, p. 1741) ranging 
from the Red Sea to Pcly- 
nesia, is readily recognise] 
by the elongation of the fifth 
ray of the dorsal fin. behind 
the base of which is a large 
dark spot with a light rim ; 
C. trifasciatus (3), which also 
has a similar range, but 
reaches the coasts of India, is marked by numerous 
fine longitudinal stripes on the body, and several dark 
bands across the head. On the other hand, in C. 
fasciatus (2), of the Indian and Malayan seas, the body- 
stripes are oblique, and there is a single dark band 
across the head. 


HENIOCHUS AND HOLACANTHUS 


The fish (Heniochus macrolep:dstus) numbered 4 in 
the illustration on page 1741, is a common Indo- 
Pacific member of a genus differing from Chetodon by 
the more or less marked elongation of the fourth spine 
of the dorsal fin, which in the figured species assumes 
the form of a whip-lash. Broad, dark bands across the 
body are very characteristic of the genus; and in the 
young the head is armed with numerous.,horn-hke 


processes, which are TRIES SMa Le eke 
permanently retained in Fee Eo cae 

a species named H. (geese ; 

varius. 


The two large fishes 


shown swimming to- 
wards the left in the 


illustration belong toa 
genus (Holacanthus) dis- 
tinguished from all the 
foregoing by the pre- 
sence of a large spine on 
the hinder edge of the 
preopercular bone : the 
dorsal fin having from 
twelve to fifteen spines. 
The genus includes 
some forty species, with 
the same range as the 
typical representative of the family. The splendidly- 
coloured emperor-fish (H. imperator), shown on the right 
side of the illustration (6), ranges from the east co% ust of 
Africa to the Indian and Malayan seas, and has the 
ground-colour of the body a deep blue, upon which 
are some thirty longitudinal golden-yellow — stripes. 
The eye-stripe and a “patch above the pectoral fin are 
black edged with yellow, and the tail-fin is yellow. 
This species, 15 inches long, is eaten in India. 


ARCHER-FISH 


STRIPED RED 


~ 


Beautiful as the emperor-fish is, it is exceeded by the 
Indo-Malayan zebra-fish (H. dtacanthus). In this 
species (5) the general colour is yellowish, with from 
eight to twelve vertical brown-edged blue bands ; the 
caudal fin is yellow, and the anal marked with bluish 
lines running parallel to its margin. 


ARCHER-FISHES 


In the members of the small family of archer-fishes 
(Toxotid@) there are teeth on the palatines and vomers, 
and the body is oblong and 
much less deep than in 
the typical forms, with the 
undivided and _ five- spined 
dorsal fin situated in its 
hinder half. It is represented 
by five species from the seas 
and estuaries of the East 
Indies, North Australia, 
Polynesia, and New Zealand. 
The family includes only one 
genus, Toxotes. The archer- 
fish (IT. jaculator) is so called 
because it ejects drops of 
water at insects flying near 
the surface, and thus secures 
i them as food. 


RED MULLETS 


Two long, erectile barbels on the lower jaw serve at 
once to distinguish the red mullets (family Mullide) 
from all the preceding families, with which they agree 
in the characters already mentioned. The body is 
rather low and somewhat compressed, with large thin 
scales, of which the edges may be very finely serrated. 
The lateral line is continuous, and the moderate-sized 
eyes are situated on the sides of the head. The terminal 
mouth has a rather short lateral cleft, and the teeth are 
very feeble. There are two short dorsal fins, placed at a 
considerable distance from one another; the spines of 
the first being weak, and the second being placed above 
the anal, which it resembles in form. The ventrals have 
one spine and five rays, and the pectorals are short. 
In place of the seven branchiostegal rays of the 
perches, the red mullets have but four. 

Represented by some- 
thing like forty species, 
the red mullets, which 
range over the seas of 
Europe and the tropics, 
are typically represented 
by the genus Muillus, of 
which there appear to 
be but two European 
spec ies 

The ‘ordinary Euro- 
pean red mullet (Mullus 
barbatus), which does 
not usually exceed 6 
inches in length, is 
coloured carmine-red on 
the upper parts, the 
under parts being silvery 
white. On the other 
hand, the striped mullet (7. suymuletus) has three or 
four yellow longitudinal stripes on the sides ; and is 
also stated to differ slightly in the number of ‘the fin- 
rays. This kind is common on the Cornish coast, 
whereas the plain-coloured form is but seldom met 
with in the British seas, although abundant in the Medi- 
terranean. Mullets live chiefly on small crustaceans, 
frequenting coasts where the bottom is more or less 
muddy. Occasionally they visit the British coasts in 
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GILT-HEADS 


GROUP OF SCALY-FINNED FISHES 


1, Chztodon setifer ; 2, C. fasciatus ; 3, C. trifasciatus ; 4, Heniochus macrolepidotus ; 5, Holacanthus diacanthus; 6, H. imperator 


vast shoals. The barbels are used to feel in the sand 
for food. They are folded back into grooves during 
swimming. 


SEA-BREAMS AND SNAPPERS 
The sixth family (Sparid@) of the present section is 


especially characterised by the peculiarity of the 
dentition, the palate being generally devoid of teeth, - 


while either cutting or conical incisor-like teeth are 
developed in the front of the jaws, or crushing molars 
on their sides; in some cases both these types being 
coexistent. The oblong body of the sea-breams is 
markedly compressed; and the scales are either but 
very slightly serrated or smooth. The terminal mouth 
has a distinct lateral cleft ; and the medium-sized eyes 
are also lateral. The single dorsal fin is composed in 
about equal moieties of a spinous and a soft portion ; 


The number of branchiostegal rays varies 
from five to seven. They are not related to the true 
breams, which belong to the carp family. 

Sea-breams include a large number of genera, and 
are of sombre colouration and medium size; the flesh 
of the majority being used for food. 

The black sea-bream, or old wife (Cantharus lineatus), 
not uncommon on the south coast of Britain, may be 
cited as a well-known.example of the typical genus of 
the first subfamily, in which the extremities of the 
jaws are furnished with broad, cutting, and occasion- 
ally lobate incisor-like teeth; while there are no 
vomerine or molariform teeth, and the lower rays of 
the pectoral fins are branched. 

The second subfamily is represented by Haplodactylus, 


from the temperate South Pacific, in which both jaws 
are furnished with flat and generally tricuspid teeth ; 
vomerine teeth being present, but molars wanting ; 
while the lower pectoral rays are simple. These fish 
are vegetable-feeders. 

Better known than the last is the third subfamily, con- 
taining only the single genus Sargus, with some twenty 
species from the Mediterranean, Atlantic, and Indian 
seas, among which the common sargo (S. annularis), 
is a familiar fish on the Continent. The essential 
features of the group are the single series of cutting 
teeth in the front of the jaws, the presence of several 
rows of molars on the sides of the same, the toothless 
palate, and the simple lower pectoral rays. The figured 
species is a uniformly-coloured fish ; but in the larger 
““sheep’s-head ”’ (S. ovzs), from the Atlantic coasts of the 
United States, which attains a weight of 15 pounds, and 
is highly esteemed for the table, the body and tail are 
marked by a number of broad vertical bands. The strong 
inolars of these fish indicate that! their food-consists of 
hard-shelled molluscs, crustaceans, or sea-urchins. 

GILT-HEADS 


The first example to be mentioned of the fourth 
subfamily, which contains several genera, is the gilt- 
head (Pagrus auratus), so called on account of the 
golden spots between the eyes. It is common in the 
Mediterranean, where it is used as food, and occa- 
sionally wanders to the British coasts. The group is 
characterised by the presence of conical teeth in the 
front of the jaws, and of molars on their sides, the 
palate being toothless; while the genus under con- 
sideration is distinguished by having scales on the 
cheeks, and at least three rows of upper molars. 

The gilt-head is a handsome fish, with a short and 
clevated head, the body deepest at the beginning 
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SARGO 


AND 


GILT-HEADS 


of the dorsal fin, the iris yellow, a semilunar golden 
spot between the eyes, and a violet patch on the gill- 
cover. The backis silvery grey, with a tinge of blue, and 
the under surface steely, with longitudinal golden bands 
on the sides. In length it seldom exceeds a foot. Fully 
adult examples show a perfect pavement of teeth on 
the jaws ; and with these the fish crunches up mussels 
and other shell-fish with such vigour that the noise 
thus made sometimes reveals its presence to fishermen. 
In order to obtain food, it is stated to stir up the sand 
of the sea-bottom with its tail. 

Another species (P. vulgaris) is common in the 
Mediterranean ; the snapper (P. unicolor) is esteemed 
as a food-fish in Australia and New Zealand, as is the 
scup (P. argyrops) in the United States; while the 
Japanese red tai (P. major) is of a beautiful scarlet 
colour. The common sea-bream (Pagellus centro- 
dontus) is well known on the southern British coasts, 
and ranges from Norway to the Mediterranean. 

THICK-RAYED PERCHES 

The small family Civrhitide, which, for want of a 
better English name, we designate as above, comprises 
several genera from the Indo-Pacific and Australasian 
seas, some members of which are of the first importance 
as food-fishes in the British colonies. Closely allied 
to the next family, they differ therefrom—and thereby 
resemble the preceding groups—in the absence of a 
bony connection between the preopercular bone and 
the infraorbital ring of the skull; while they are 
specially distinguished by the thickened and undivided 
lower rays of the pectoral fin, which in some cases are 
elongated so as to aid in the movements, while in others 
they may perhaps serve as additional organs of touch, 

The body is oblong and compressed, and covered with 
cycloid scales; the mouth is terminal, with a lateral 
cleft ; and the eyes are lateral. As a rule, the bran- 
chiostegal rays are six in number, although they may 
be reduced to five or three. The teeth are villiform 
or pointed, and in some cases there are tusks among 


J the smaller ones. In the single dorsal fin the 
4 spinous and soft portions are of nearly equal 
“extent; the anal fin, which is generally 
smaller than the soft dorsal, carries three 
= spines; and the pelvics, which, although 
7 thoracic in position, are situated at a con- 
siderable distance from the root of the pec- 
torals, have one spine and five rays. 

These fishes are inhabitants of all tropical 
scas and the temperate zone of the South 
| Pacific. They may be divided into two 
groups,*according to the presence or absence 
'of teeth on the vomers, the first group in- 
cluding the small prettily-coloured fishes 
' known as Cvtrrhites, and Chorinemus, of 
which the former is characteristic of the 
{| Indian and Pacific Oceans, while the latter is 
“| confined to the Australasian seas. 


FIRM-FINS 


Of the gsgup with teeth on the vomers 
the spotted ~ firm-fin (Cirrhitichthys mar- 
moratus) belongs to a genus differing from 
the typical one by the presence of teeth on 
the palatine bones, and by the spiny opercular 
bone, the preopercular being serrated in both. 
# These fish have six branchiostegal rays, tusks 
in the jaws, and ten spines in the dorsal fin. 
Five to seven of the lower pectoral rays are 
unbranched, the scales are of moderate size, 
and there isnoswim-bladder. The spotted firm- 
fin, which ranges from the Red Sea, through 
the Indian and Malayan seas, to the Sandwich Islands, 
is one of those in which there is no elongation of a ray 
of the pectoral fins ; while it is specially characterised 
by the spotted coloration. 


LONG-FINS 

In the group with toothless vomers, one of the most 
notable genera is that of the long-fins (Chilodactylus), 
so named on account of the elongation of one of the 
rays of the pectoral fins. Most of the species are in- 
habitants ot the temperate region of the South Pacific, 
although some are found round the coasts of Japan 
and China. The species figured on the next page (C. 
macropterus) is an Australian one, and both in Australia 
and at the Cape these fishes form a valuable food 
supply, since they attain a weight of from 5 to 25 pounds, 
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and are easily captured. An allied genus (Latris), 
distinguished by the absence of any elongation of the 
pectoral rays and the deeply notched dorsal, is well 
known in Tasmania and New Zealand in the form 
called trumpeter-fish (L. necatia), which claims the 
first place among the fish products of those colonies, 
ranging in weight from 30 to 60 pounds, and being at 
the same time most excellently flavoured. 
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With the family Scorpenide we come to a group 
easily distinguished from all the preceding representa- 
tives of this section by the articulation of the preoper- 
cular bone with the orbit by means of a projecting 
process from the infraorbital ring. Some of the other 
bones of the head are also armed, and the dentition 
is but feebly developed. These fishes, which are re- 
presented by a large number of genera, are found in 
most seas, and are all carnivorous. Dr. Giinther 
writes that “some resemble the sea-perches in their 
form and habits, as Sebastes, Scorpena, etc.; whilst 
others live at the bottom of the sea, and possess in 
various degrees of development those skinny append- 
ages resembling the fronds of seaweeds, by which 
they either attract other fishes, or by which they are 
enabled more effectually to hide themselves. Species 
provided with these appendages have generally a 
coloration resembling that of their surroundings, 
and varying with the change of locality. Some of the 
genera live at a considerable depth, but apparently not 
beyond three hundred fathoms. Nearly all are distin- 
guished by a powerful armature, either of the head, or 
fin-spines, or both ; and in some the spines have been 
developed into poison-organs.”’ The group is scarcely 
known in a fossil state, although remains of a species 
of the typical genus occur in the Eocene of Algeria. 

The family is divided into two sections, according 
as to whether there are distinct scales on the body, 
or whether these are rudimentary or wanting. In the 
former are included Sebastes and the typical Scorpena. 
Most curious of all are the members of the Tropical 
Indo-Pacific genus Pferéis, in which the spines of the 
dorsal and the rays of the pectoral fins are more or less 
produced—so much so, indeed, that in the case of one 
species, at least, P. volitans, it was formerly thought 
that they indicated the possession of flying powers in 
their owner. The fins and body of this extraordinary- 
looking fish are most beautifully marked with alter- 
nating light and dark transverse bands. 
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The single generic representative of the Teuthidide@, 
of which a species (Teuthis striolata) is shown in the 
illustration on page 1744 is characterised by the tooth- 
less palate, and the presence of a series of narrow 
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AUSTRALIAN LONG-FIN 


cerrated incisor teeth in the front of each jaw. The 
scales on the oblong and compressed body are very 
small, and there is a continuous lateral line. In the 
singlé dorsal fin the spinous considerably exceeds the 
soft portion in length, the anal has seven spines, 
and the thoracically-placed pelvic fins have an outer 
and inner spine, between which are three rays. These 
fishes have a large swim-bladder, forked at both ex- 
iremities, and they also display several peculiarities 


in the structure of the skeleton, the abdomen being 
surrounded by a complete ring of bones, owing to the 
backward prolongation of certain elements of the 
pectoral arch, and the unusual development of the 
pelvis. ; Ay 

A considerable number. of. species have been 
described from the Indo-Pacific, where their eastward 
range stops about the longitude of the Sandwich 
Islands. The largest of them is not more than 15 


et 


THE HOG-SCORPANA 


inches in length, and all are vegetable-feeders. In 
the figured species, which is from the New Hebrides, 
the general colour is brownish red, marked with 
narrow meandering blue lines, the spines of the fins 
also bearing white spots. 


SLIME-HEADS 


With the slime-heads we come to fishes (Berychide 
and related families) distinguished from the whole 
of the preceding, and forming a group by itself 
characterised by the presence on the head of large 
mucus-bearing cavities, covered with a thin skin, 
and by the thoracically-situated pelvic fins having 
one spine and five rays (save in Monocentris, where 
the latter are reduced to two). The compressed 
body may be either oblong or deep in form, but is 
always short; and the scales (rarely wanting) are 
ctenoid. Lateral in position, the eyes are almost 
always large in size; the lateral cleft of the mouth 
slopes obliquely upwards; the teeth in the jaws are 
viliform ; teeth are in most cases developed on the 
palatines; the bones of the gill-cover are more or 
less fully armed ; and there are nearly always eight 
branchiostegal rays, although these are sometimes 
reduced to four. There are no scales on the head, 
and false gills are present. 

The almost cosmopolitan slime-heads, which com- 
prise a considerable number of living and extinct 
genera, are nearly all marine, many of them living 
at great depths. They are also a geologically ancient 
group, represented by a large number of generic types, 
both existing and extinct in the Chalk and other 
Cretaceous deposits. The fact that some of the 
berycoids have persisted without much change from 
the Chalk period to the present day marks them as a 
primitive group, and this is confirmed by their 
structure. In some of them (Beryx and Holocentrum) 
there is a duct to the swim-bladder, as in the tube- 
bladdered fishes, and they may be regarded as forming 
a link between such fishes and the closed-bladdered 
forms (Physoclisti). 

The only existing forms that frequent the higher 
strata of the ocean belong to the genera Holocentrum 
and Myripristis ; but even some species of the latter 
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may descend as deep as one hundred 
and fifty fathoms. The typical genus 
Beryx has been taken from between | 
three and four hundred fathoms; and 
from the small size of the eye the forms 
known as Melamphees must, in Dr. 
Ginther’s opinion, inhabit still lower 
levels. Another sign of their deep-water 
habits is afforded by the high develop- 
ment of the slme-secreting apparatus 
of these fishes. An exception to the 
marine habit typical of the group is 
afforded by a small species known as 
che pirate perch (A phredoderus sayanus), 
native to fresh water in North America. 

“ The fishes of the genus Myrtpristis 
are very pugnacious, and alw ays ready 
to quarrel with their own. kind. In 
Hawaii the natives take advantage of 
this trait to catch the un (JZ. murdjan). 
Having obtained one alive by a net or 
other means, they attach a string to it 
and put it back into the water in front 
of the crevices in the rock in which | 
these fishes lurk. The other fishes soon | 
come out to fight it, and the crowd is |! 
brought to the surface of the water by ! 
slowly drawing in the string; a net 
is passed cautiously beneath and the 
whole crowd captured.”’ 

Of other genera the most peculiar is Monocentris, 
represented by a single small and rare species from 
the seas of Japan and Mauritius, and distinguished 
by the absence ef armatures on ‘the gill-cover, the 
large scales, which are articulated together so as to 
form a solid armour, and the reduction of the ventral 
fins to a single long spine, and a few rudimentary 
rays. 

The fish figured in the illustration (Tvrachichthys 
trailli) represents a genus, with a few species from 
New Zealand and Madeira, characterised by the short 
and blunt snout, the prominent chin, the strong spine 
at the angle of the preopercular, the rather. small 
scales, and the serration of the lower border of the 
body. The palatines and vomers carry villiform 
teeth, the single dorsal fin has from three to six spines, 
the anal six rays, and the tail is strongly forked. 
The allied Anoplogaster, of the Tropical Atlantic, is 
devoid of scales. 1n both genera the eye is very large. 

The typical genus Beryx, which has likewise but 
a single dorsal, may be distinguished by the»smooth 
abdomen, and the lack of a spine on the pre- 
opercular. At the present day this genus is known 
from the Tropical Atlantic, Madeira, and the seas of 
Australia and Japan, while in a fossil state it is 
abundant in the Chalk. Two barbels at the throat 
serve to distinguish Polymixia ; while in several of 
the other genera, such as Holocentrum, the dorsal fin 
is double. Spread over all tropical seas, the latter 
genus is likewise one of those dating from the Creta- 
ceous epoch. 

Each of the two unimportant families Curtide and 
Polynemide represents a section of equal rank with 
the perch-like division of the suborder, the first being 
characterised by having the single dorsal fin much 
shorter than the long and many-rayed anal. The 
compressed body, as in Pempheris mangula, is oblong 
in form, deep in front, and sharply narrowing to- 
wards the tail. If developed at all, the spines of 
the short dorsal are few in number, the scales are 
small or medium in size, and both the jaws, palatines, 
and vomers bear villiform teeth. While the typical 
genus Curtus is confined to the Indian seas, Pempheris 
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SPINE-FINNED FISHES 
1, Teuthis striolata ; 2, Pempheris mangula; 3, Polynemus plebejus 


ranges over the Indian Ocean, the Malayan seas, and 
the tropical parts of the Pacific. 

The presence of a number of filaments, which may 
be enormously long, is the most distinctive feature of 
the second family, as shown in the type genus (Poly- 
nemus plebejus); while a second characteristic is to 
be found in the two rather short dorsal fins, situated 
at a considerable distance from one another, and a 
third in the well-marked mucus-bearing canals on the 
head. The body is oblong and somewhat compressed, 
with smooth or slightly ciliated scales, and a continuous 
lateral line. The snout projects somewhat beyond 
the mouth, which is inferior in position, with a lateral 
cleft, and the large eyes are lateral. There are villiform 
teeth in the jaws and on the palate, and the pelvic 
fins are thoracic, with one spine and five rays. 

These fishes include three genera, containing a 
number of tropical shore forms, which sometimes 
enter brackish or fresh water. Their filaments, which 
sometimes exceed twice the entire length of the head 
and body and can be moved independently of the 
pectoral fins, serve as feelers; and as they live in 
muddy water, and generally have their large eyes 
obscured by a film, the use of such accessory organs 
of touch is easily understood. 


SCLAENOIDS 


Of more general interest than the last is the family 
of Scienoids (Sctenide), among which the umbrine 
of the Mediterranean and the widely distributed 
meagre are well-known examples. In this group the 
spinous dorsal is abbreviated at the expense of the 
more or less elongated soft dorsal, which also exceeds 
the anal fin in length; and, although mucus canals 
are well developed on the head, there are no filaments 
near the pectoral fin. The somewhat elongated and 
compressed body is coated with ctenoid scales, and 
the uninterrupted lateral line sometimes continued on 
to the tail-fin. The long mouth is terminal, the 
medium-sized eyes are lateral, and, in addition to 
bands of villiform teeth, the jaws may carry tusks, 
although they are never provided with incisors or 
molars, and the palate is toothless. The preopercular 
bone is smooth, and without any bony connection 
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strong. 
\ are a number of large flattened molar-like teeth on the 


SWORD-FISHES 


with the orbit, and the thoracic pelvic fins carry one 
spine and five rays. Frequently the swim-bladder is 


provided with a number of appendages. 
a rather 1 


These fishes have 
curious geographical distribu- 
tion, being unknown in the 
Pacific and the Red Sea, but 
widely spread in the Atlantic 
and Indian Oceans, and cs- 
pecially common round the 
shores of India, where many 
species enter estuaries and 
rivers. Some have taken com- 
pletely to fresh water. Nearly 
all are eaten-as food, and the 
swim-bladders of many of the 
Indian: forms are extensively 
used as a source of isinglass. 


THE- DRUM 


The North American: fish 
known by the name of “‘drum”’ 
(Pogonias chromis) represents a 
genus characterised by the 
upper jaw of the convex snout 
overhanging the lower, the presence of numerous small 
barbels on the chin, and the absence of tusks. Ten 
stout spines form the first dorsal fin, and there are two 
spines in the anal, the hindmost of which is very 
The scales are of moderate size; and there 


‘pharyngeal bones. In length the drum often exceeds 
4 feet ; while it may scale upwards of 1 cwt. In what 
manner the extraordinary drumming sounds uttered 
by this fish, in common with other members of the 
family, are produced does not appear to be ascertained, 
although it has been suggested that they may be due 
to the clapping together of the upper and lower 
pharyngeal teeth. 
UMBRINES 


The umbrine of the Mediterranean (Umbrina cirr- 
hosa), ranging southwards to the Cape, was well known 
to the ancients, and belongs to a genus containing 
about twenty species distributed through the Mediter- 
ranean, Atlantic and Indian Oceans. Having an 
overlapping upper jaw, it differs from the last genus 
in the presence of but a single short barbel on the 
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chin ; while the first dorsal fin has ten flexible spines, 
and the anal either one or two. In size the typical 
species reaches about 3 feet. 


MEAGRES 
The third genus that we notice (Sciena) differs from 
both the preceding in the absence of any barbels; the 
cleft of the mouth being oblique and deep, and the 


eyes situated rather wide apart. The genus includes 
a very large number of species, with a geographical 
range equal to that of the family; one of the best- 
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THE MEAGRE 


known being the typical meagre (S. aquila), ranging 
from the British coasts to those of the Cape and 
Australia. Although most of the species are smaller, 
this fish may attain a length of upwards of 6 feet. 
Yarrell states that the flesh of the meagre “ appears 
always to have been in great request with epicures ; 
and, as on account of its large size it was always sold 
in pieces, the fishermen of Rome were in the habit of 
presenting the head, which was considered the finest 
part, as a sort of tribute to the three local magistrates 
who acted for the time as the conservators of the city.” 
It is certain members of this genus that have taken to 
a fresh-water existence. 


SWORD-FISHES 


With the small and well-defined family of sword- 
fishes (X7phiid@), all the members of which attain very 
large dimensions, we come to our first representatives 
of purely pelagic fishes. Sufficiently distinguished 
from all their allies by the production of the upper jaw 
into a long, sword-like weapon, they are further 
characterised by the elongate and compressed body, 
the laterally-placed eyes, and the deep cleft of the 
mouth. Teeth are either absent or rudimentary ; 
and scales are either absent or represented rudimentarily. 
The dorsal fin is either single or divided, but has no 
distinct spinous portion ; and the pelvics, if present, 
take the form of long, rod-like, thoracic appendages. 
There are seven branchiostegal rays, and a swim- 
bladder is present. In the adult the sword is formed 
by the coalescence of the premaxille, vomer, and 
ethmoid, and is rough on the under surface from the 
presence of rudimentary teeth. 

The sword-fishes are divided into the genera X7phias 
and Histiophorus, according to the absence or presence 
of pelvic fins, these appendages in the latter being in 
the form of from one to three rays. . There is con- 
siderable variation in the height of the dorsal fin, 
which is frequently so lofty as to project some distance 
above the water when the fish is swimming near the 
surface, and even, it is said, to answer the purpose of 
a sail. In the young this fin is much higher in 
proportion to the length of the body than it is in the 
adult. In very young examples of the typical genus 
the beak is comparatively long, there are conical 
prominences on the edge of the supraorbital, the 
occiput is devoid of a spine, and there are two short, 
tooth-like processes at the angle of the preopercular. 
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THE SCABBARD-FISH 


a bony spine on each side of the occiput and at the 
angle of the preopercular. Although they are fre- 
quently not more than 4 to 6 feet in length, sword- 
fishes may measure as much as from 12 to 15 feet, 
and the sword itself may exceed a yard in length. 

The common European sword-fish (Xiphias gladius), 
occasionally taken on the British coasts, ranges from 
the European seas to the opposite side of the Atlantic ; 
while to the southward it occurs off the northern and 
western coasts of Africa. Hisiiophorus, on the other 
hand, seems to be confined to the Pacific and Indian 
Oceans, ranging eastwards to Japan. Of the three 
Indian species, the spotted Indian sword-fish (H. 
gladius) is distinguished by the dorsal fin being much 
higher than the body, and marked with dark blue 
spots on a lighter ground of the same colour, the body 
being bluish grey above and lighter beneath. On the 
other hand, in the black-finned sword-fish (H. im- 
maculatus) the general colour of the body is dull grey, 
and the dorsal and anal fins are blackish. The third 
species (1. brevirostris) has the dorsal fin lower than the 
depth of the body, the general colour being grey, but 
the dorsal and pectoral fins tipped with black. 

Mainly pelagic, sword-fishes are extremely predaceous 
and savage, transfixing their ordinary prey, which 
includes cod and tunny, with their formidable sword, 
and also attacking whales. In such conflicts the 
sword-fish, after making repeated stabs, is generally 
victorious. Occasionally, however, one of these fishes 
appears to mistake a ship’s bottom for a whale, and 
promptly charges it, sending the sword crashing 
through several inches of solid timber. In such cases 
it may happen that the sword-fish cannot withdraw 
its weapon, which is then broken off short in the 
struggles of its owner to escape. Instances are on 
record of these fish attacking and transfixing bathers. 
When it feels the hook or spear, a sword-fish: takes 
tremendous leaps in the air, and may jump into the 
boat of the fishermen. In the South Sea Islands 
young sword-fish are caught in strong nets. 

One of the most recent instances of a sword-fish 
attacking a ship occurred in the year 1874, on the 
voyage between Bombay and Calcutta. On_ this 
subject Frank Buckland writes that there is in the 
museum of the College of Surgeons a section of the 
bow of a South Sea whaler, in which ‘‘is seen the end 
of the sword of a sword-fish, measuring 1 foot in 
length and 5 inches in circumference. At one single 
blow the fish had lunged his sword through, and com- 
pletely transfixed, thirteen and a half inches of solid 
timber. The sword had, of course, broken off in the 
hole, and thus prevented a dangerous leak in the ship, 


See 


In the British Museum is a second 
specimen of a ship’s side with the 
sword of a sword-fish fixed in it, and 
which has penetrated no less than 
twenty-two inches into the timber.” 


SCABBARD-FISHES AND 
HAIR-TAILS 


Another group of equal rank with 
the perch-like section is formed by the 
family Tyrichiuride, characterised by 
the elongate and compressed or even 
band-like form of the body ; the mouth 
having a wide cleft, and several large 
conical teeth either in the jaws or on 
the palate. The dorsal and anal rays 
are long and many-rayed, with the 
spinous nearly equal in length to the 
soft portion, finlets sometimes occurring , 
behind_the latter; the pelvic fins, if 
present, are thoracic if position and the caudal is 
sometimes wanting, but, when developed, forked. In 
all cases the scales are either rudimentary or wanting, 
but the swim-bladder is constant. These fishes are 
distributed over all tropical and subtropical seas, but 
while some are surface forms, never found at any 
great distance from the coasts, others descend to 
considerable depths in the open sea; all are carnivorous, 
and many very powerful. 


SCABBARD-FISH 


Among the better-known forms, the scabbard-fish 
(Lepidopus caudatus) represents a genus characterised 
by the absence or rudimentary condition of the pelvic 
fins, the long single dorsal, and the distinct but small 
tail-fin. Although it may attain a length of 5 or 6 feet, 
the attenuation of the body is so great that the whole 
weight does not exceed as many pounds. The fish has 
a very wide geographical distribution, ranging from 
the Mediterranean and warmer regions of the Atlantic 
to the Cape, and thence to New Zealand and Tasmania, 
while it occasionally wanders to the British coasts. 
This wide range may possibly be taken as an indication 
that the scabbard-fish is a comparatively deep-sea form. 

In New Zealand, where it is known as the frost-fish, 
the scabbard-fish is highly esteemed for its flesh, which 


is white, rich, firm, and tender, with an excellent 
flavour. On calm and frosty nights, during the 
autumn and winter months, numbers of frost-fish, 


as they are called, come ashore alive through the surf 
on the beaches of the Pacific, and there wriggle on to 
the firmer sands above, to be devoured by the watchful 
sea-birds, or picked up by the fortunate fishermen. 


HAIR-TAILS 


The scaleless fish, the hair-tails (Tvichiurus), take 
their name from the absence of a caudal fin, the body 
tapering posteriorly into a fine point. The single dorsal 
extends the whole length of the ribbon-like body ; the 
pelvic fins are represented merely by a pair of’ scales, 
or are completely wanting, and the anal is rudimentary, 
its spinous portion bging reduced to a number of very 
small spines scarcely projecting above the skin. The 
jaws are provided with long tusks, and there are teeth 
on the palatine bones, although none on the vomer. 

Essentially tropical fishes; generally found in the 
vicinity of land, they appear to be sometimes carried 
by currents out to sea. These fishes attain a length 
of from 3 to 4 feet, and one of the Indian species is 
described as extremely voracious, preying on crustaceans 
and various fishes, among which members of its own 
kind are included. 
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BARRACUDAS 

The local name, barracuda, 
given to a New Zealand repre- 
sentative (Thyrsites atun) of an- 
other genus may be taken as 
the popular title of all its 
members. These fishes, in which 
the rather elongate body is 
covered with minute scales, are 
characterised by having from two 
to six finlets behind the dorsal 
and anal, and the presence of 
teeth on the palatines. Barra- 
cudas, which grow to as much as 
5 feet, form important food 
supphes in the Cape, South Aus- 
tralia, New Zealand, and Chili. 


SURGEONS 


With the family dcronuride, 
we come to an almost entirely 
marine group of fishes, including some thirteen others, 
which present the following characteristics in common. 
The dorsal fins are either placed together or continuous, 
the spinous portion being, when fully developed, shorter 
than the soft part, while it may be modified into ten- 
tacles, detached spines, or an adhesive disc, and the anal 
is similar in characters to thesoft dorsal, and in some in- 
stances both these fins are modified posteriorly into fin- 
lets. The pelvic fins, if developed, are always thoracic or 
jugular in position, and are never modified into a sucker. 

The first family is typified by a genus (Acronurus), 
the representatives of which are called “ surgeons,” 
owing to the presence of a sharp lancet-like spine on 
each side of the tailin the adult. In addition to the 
presence of one or more such spines or bony plates, the 
family is further characterised by a single dorsal fin, 
with a very small number of spines. The body is 
compressed, and oblong or deep in form, with a covering 
of minute scales ; the moderate-sized eyes are lateral 
in position, the small mouth is furnished in front with 
a single series of more or less compressed upper and 
lower incisors, which may be either pointed or serrated ; 
but the palate is toothless. The pelvic fins are 
thoracic, and the hinder extremity of the swim-bladder 
is forked. These fishes are inhabitants of all tropical 
seas, and are most common near coral reefs and islands, 
where some feed on the coral-polypes, and others on 
various vegetable substances. 

In the true surgeons (A cronurus) there is an erectile 
spine situated in a groove on each side of the tail, 
and the pelvic fins are generally furnished with a single 
spine and five rays. These fishes are represented by a 
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large number of species, the largest of which does not 
exceed 18 inches in length, and they are distributed 
over all tropical seas with the exception of the Eastern 
Pacific. The true surgeons use their spines as formid- 
able weapons of attack, by erecting them and striking 
sideways with their tails. 


HORSE-MACKERELS 


Although the name horse-mackerel properly applies 
only toasingle British fish, Cavanx trachurus, otherwise 
known as the scad, it may serve for the whole of the 
members of the family Cavangide. Having the body 
more or less compressed, these fishes are specially 
distinguished by the teeth, when present, being viliiform 
or conical. The spinous portion of the dorsal fin is 
sometimes rudimentary ; the hinder rays of both the 
dorsal and anal may be broken up into separate finlets, 
and, when present, the pelvic fins are thoracic in 
position. In the skeleton, there are ten trunk and 
usually fourteen tail vertebre. The gill-openings are 
wide, the eyes lateral, and there is no bony stay connect- 
ing the preopercular with the infraorbital ring. The 
scales, which are usually small, may be altogether 
wanting, and in many cases the lateral line is wholly or 
partially armed with shield-like overlapping plates. 
There is always a swim-bladder. Carnivorous in their 
diet, the horse-mackerels are distributed at the present 
day over all temperate and tropical seas. 

In the typical genus Cavanx the body is generally 
more or less compressed, although sometimes almost 
cylindrical ; the hard dorsal fin, which may be rudi- 
mentary, is continuous, with about eight weak spines ; 
while in a few species the soft 
portion of both this and the anal 
is broken up into finlets. The 
scales are very small, and while 
in the British horse-mackerel 
(C. trachurus) the whole of the 
lateral line is protected by bony 
plates, in many other species these 
plates are restricted to its hinder 
moiety. The genus is represented 
by nearly a hundred species, some 
of which have teeth on the palate, 
while in others these are wanting. 

Ranging over almost all temper- 
ate and tropical seas, many of 
them swim out to considerable dis- 
tances from the shore, and thus 
acquire a very large distributional 
eagcehs — Aoke larger forms may 
measure fully a yard in length, 
and the flesh of all is edible. 
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Horse-mackerel sometimes appear in enormous shoals 
on the British coasts. 


PILOT-FISH 

Another genus is represented by the pelagic pilot-fish 
(Naucrates ductor), so called from a supposed habit of 
guiding and protecting the sharks and ships which it 
accompanies. Having no plates on the lateral line, this 
fish is further characterised by the rounded under 
surface of the body, by the first dorsal fin being com- 
posed in the adult of detached spines, by the absence of 


THE HORSE-MACKEREL 


finlets, and the presence of a keel on each side of the tail. 
When adult, the pilot-fish measures about a foot in 
length. Incolour itis bluish, with five or six dark verti- 
cal bands; the tail-fin sometimes having the ends of its 
two lobes dark, as also a band across the middle third. 

Ranging over all temperate and tropical seas, pilot- 
fish were regarded as sacred by the ancients, by whom 
they were known as pompili, the common belief being 
that when the ship neared land, the fish suddenly dis- 
appeared, and thus gave warning to the sailors of 
impending danger. Many legends have grown in later 
times as to how pilot-fish will prevent sharks from 
taking a bait by swimming round them and enticing 
them away, but all these appear to be pure fictions, 
and perhaps the best account of the habits of the 
fish is one by Dr. Meyen, from which the following 
summary is taken. It appears that the pilot-fish 
constantly swims in front of the shark, sometimes 
coming close to its snout or front fins as it approaches 
a ship, and sometimes darting sideways or forwards 
for a short distance, and then returning to the side of 
the larger fish. In one instance, where a baited hook 
was thrown over the ship’s side, the pilot-fish rushed 
up, and, after swimming close to the bait, returned to 
the shark, and, by swimming and splashing round it, 
appeared to be attracting its attention. Soon after the 
shark began to move, with the pilot-fish in front, and 
was almost immediately hooked. 

Instead of the pilot-fish taking care of the shark, 
it would rather seem to frequent the company of the 
latter for the sake of the fragments of food and other 
substances to be found in its neighbourhood ; and it 
is doubtless for the same reason that these fishes follow 


ships. 
DORIES 

The deep form of the compressed body, the division 
of the dorsal fin into two distinct moieties, and the 
circumstance that the number of trunk-vertebre 
exceeds ten and that of the tail fourteen, form the 
leading features by which the small family of the 
dories (Cyttid@) is distinguished from the other members 
of the group under consideration. The body may be 
invested either with small scales or bony plates, or 
may be naked. The eyes are lateral, and the teeth 
conical and small. There is no connection between 
the preopercular and the orbit; the gill-opening is 
wide, and the pectoral fins are thoracic in position. 

The John dory (Zews faber), which gives. the name to 
the family, and is said to derive its own title from a 
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corruption of an old Gascon name (jan dorée) meaning 
‘gilded cock,” represents a genus with few species, 
characterised by a series of bony plates at the base of 
the dorsal and anal fins, and another on the under 
surface: the anal having four spines. The eight or 
nine spines of the first dorsal fin, which is not much 
shorter than the second, are produced into long, slender 
filaments :- and there are but few or no scales. The 
genus ranges over the Mediterranean, the eastern coasts 
of the temperate zones of the Atlantic, and the Aus- 
tralian and Japanese seas. An exceedingly ugly creature, 
with a huge protruding mouth, the common dory 
is olive brown tinged with yellow in colour, showing 
blue and metallic reflections. The sides bear a large 
black spot, surrounded by a white ring; a similar 
mark occurring in some of the other species. <A 
somewhat migratory fish on the British coasts, the 
dory has been long esteemed by epicures. 

The dory feeds on sprats or small fishes such as 
sprats, and, swims in a slightly lopsided way. It is 
related to the flat-fishes, and gives an idea of what 
the ancestors of thse forms were like. The use 
of the flattened form in the dory is suggested by 
J. T. Cunningham, who says: ‘“‘In the aquarium at 
Plymouth I have noticed that the dory has a peculiar 
and interesting method of securing its prey. It does not 
overtake it by superior speed like the mackerel, or lie 
in wait for it like the angler, but stalks it and approaches 
it by stealth. It is able to do this in consequence of 
the extreme thinness of its body, and the peculiar 
movement of its hinder dorsal and ventral fins. The 
dory places itself end on towards the fish it desires to 
devour, and in this position it is evident that it excites 
no alarm on the part of its prey. The appearance of 
the dory seen in this way is a mere line in the water, 
to which no particular significance can be attached.” 


STROMATEIDS AND CORYPHANAS 


The two families Stromateide and Coryphenide 
are collectively distinguished from the preceding by 
the absence of any distinct spinous portion to the dorsal 
fin; the compressed body being either oblong or very 
deep, and there being more than ten vertebre in the 
trunk and more than fourteen in the tail. In the first 


of the two the dentition is feeble, the palate being 
devoid of teeth, but there are horny barbed processes 
projecting into the wsophagus which take the place of 
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oral teeth. The scales are very small, the eyes lateral, 
and the dorsal fin long. The typical genus Strvomateus, 


which includes about half a score species from most 
tropical and temperate seas, is characterised by the 
absence of pelvic fins in the adult ; the*dorsal and anal 


fins being long, with their points curving backwards in 
several of the species, and the caudal deeply forked. 
These fishes are partly pelagic. 

The second of the two families is represented typically 
by the well-known pelagic coryphenas (Coryphena), 
miscalled dolphins. As a family the Coryphenide are 
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MACKERELS 


readily distinguished from the Stromateide by the 
absence of tooth-like processes in the cesophagus. In 
the typical genus the body is somewhat elongated and 


compressed, the adults having an elevated crest on the * 


top of the head; and the cleft of the mouth is wide. 
The single dorsal fin extends in a nearly straight line 
from the back of the head almost to the deeply- 
forked caudal; the anal resembles the dorsal in having 
no distinct spinous portion; and the well-developed 
pelvic fins are thoracic in position, and can be received 
into a groove in the abdomen. Teeth are present in the 
jaws, as well as on the vomer, palatines, and tongue ; 
the cycloid scales are small, and there is no swim- 
bladder. 

The coryphznas, of which there are some half-dozen 
species, are purely pelagic fishes, ranging over all 
temperate and tropical seas, and remarkable for the 
beauty of their fleeting colours. Dr. Gunther observes 
that so “far as the colours are capable of description, 
those of the common species (C. hippurus), which is 
often seen in the Mediterranean, are silvery blue above, 
with markings of a deep azure, and reflections of pure 
gold, the lower parts being lemon-yellow, marked with 


pale blue. The pectoral fins are partly lead-colour, 
partly yellow; the anal is yellow, the iris of the eye 
golden. These iridescent colours change rapidly 


whilst the fish is dying, as in the mackerel. The form 
of the body, and especially of the head, changes con- 
siderably with age. 

This species ranges over all tropical seas, and attains 
a length of from 5 to 6 feet; although its flesh is un- 
palatable to Europeans, it is eaten by the natives of 
Madras. Powerful swimmers, and associating in large 
shoals, coryphznas are determined enemies to flying- 


fish, pursuing them as they skim from wave to wave, 


and capturing them as they again fall into the water. 


MACKERELS 


This family (Scombride@) is typically represented by 
the true mackerels (Scomber), and is characterised by 
the oblong or slightly elongated form of the body— 
which is but very slightly compressed, and either 
covered with very minute scales, or naked—and the 
structure of the dorsal fins. The first of*these may be 
either modified into free spines or an adhesive disc, 
or the posterior dorsal, together with the anal, is 
split up into finlets. There may or may not be a 
swim-bladder. 

Characterised by their beautiful protective colora- 
tion, which is some shade of bluish green, mottled or 
barred with black above, and iridescent silver beneath, 
the members of this family are all pelagic and car- 
nivorous fish, associating in shoals, which may be of 
immense size, and frequenting all tropical and tem- 
perate seas. To enable them to keep up their constant 
rapid movements, their muscles, which are consequently 
red in colour, receive a much more abundant supply of 
blood than is the case with other members of the class. 
Although spawning in the open sea, at certain times of 
the year they make periodical migrations towards the 
shore in pursuit of the shoals of herrings and their fry, 
on which they so largely subsist. When this kind of 
prey is not available, they are able to live on the minute 
crustaceans which make up a large part of the floating 
population of the sea (plankton). ; 

The true mackerels are characterised by a continuous 
first dorsal fin, with feeble spines ; five or six finlets be- 
hind the dorsal and anal; very small evenly distributed 
scales; small teeth, and two short ridges on each side 
Although there are but very few 
species of mackerel, these have a very wide range, and 
the genus is represented throughout the temperate and 
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tropical seas, with the exception of the Atlantic sea- 
board of temperate South America. Of the three 
European forms the common mackerel (S. scombrus) 
has no swim-bladder, while the southern mackerel 
(S. pneumatophorus) possesses that organ, as does the 
Spanish mackerel (S. colias). Of the common mackerel, 
Yarrell writesthat “the ordinary length varies from 14 
to 16 inches, and their weight is about 2 pounds each ; 
but they are said to attain the length of 20 inches, with 
a proportionate increase in weight. The largest fish 
are not, however, considered the best for table.” 


TUNNIES 


Under this general title may be included not only the 
fish to which the name tunny (Thunnus thynnus) pro- 
perly pertains, but also those called bonitos and 
albicores. The genus, comprising some of the largest 
of all pelagic fishes, differs from the true mackerels 
by the greater number (six to nine) of finlets, by 
the scales forming a kind of corselet on the anterior 
part of the body only, and the presence of only a single 
longitudinal fringe on each side of the tail. The 
tunnies have a geographical distribution coextensive 
with that of the family. 

The common species, which attains a length of over 
10 feet and a weight of half a ton, is an occasional visitor 
to the British coasts, and is abundant in the Mediter- 
ranean, where it has been regularly fished for since very 
early times. At the present day specimens of a 
hundredweight each may often be seen in the Lisbon 
market ; their flesh, which is as red as beef, being cut 
up and sold by weight. The bonito (T. pelamys) is a 
smaller and more slender fish, rarely exceeding a yard 
in length, and frequenting all temperate and tropical 
seas ; while the name of albicore is applied ‘o species 
like T. albicora of the Atlantic, characterised by the 
great length of their pectoral fins, some of these fish 
attaining a length of 6 feet. Albicore and bonito will 
follow in the wake of sailing-ships for weeks together. 
They prey largely on flying-fish. Passing over several 
allied genera, we proceed to a more interesting group 
of the family. 
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SUCKING-FISHES 

The remarkable adhesive disc on the upper surface of 
the head at once serves to distinguish the sucking- 
fishes, not only from their immediate relatives, but 
likewise from all other members of the class. The 
genus Echenets, to which all the half-score species of 
sucking-fish pertain, differs from all those noticed above 
in the absence of finlets ; the sucking-dise being formed 
by a modification of the dorsal spines, and being com- 
posed of a number of transverse plates, varying from 
twelve to twenty-seven, according to the species. 

The body of the sucking- een is elongate and pear- 
shaped; the eyes are lateral, r directed downwards 
and outwards: and the cleft Fe the mouth is deep. 
Villiform teeth are present, not only on the jaws and the 
bones of the palate, but generally also on the tongue ; 
the scales are minute . anid there is no swim-bladder. 
The second dorsal and anal fins are elongated, and the 
pelvics thoracic. Both in this genus and Elacate the 
shape of the caudal fin is subject to considerable change 
with age; the middle portion in the young being 
produced into a long filament, which gradually shortens 
until a rounded margin is produced. At the time of 
the full development of the fish the corners of the tail 
have, however, grown out, so as to convert the rounded 
fin into an emarginate or forked one. One of the most 
common members of the genus, Echeneis vemora, is 
comparatively small, growing only to a length of about 
8 inches ; whereas the slender FE. naucrates may reach 
a yard in length. 

Sucking-fishes are commonly found attached to 
sharks, although they may affix themselves either to 
turtles or ships ; and as they are carried by their involun- 
tary hosts through a much greater extent of water than 
their limited powers of swimming would admit of their 
trave.sing by themselves, they naturally obtain more 
food than would otherwise be possible. The erection 


of the plates constituting the sucker produces a series 
of vacua, by means of which adherence is affected ; so 
stronz is this that it is very difficult to remove one of 
these fishes except by sliding it along the surface to 
Moseley remarks that in shark- 


which it is attached. 
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fishing the suckers sometimes drop off as the shark is 
hauled on board, and sometimes remain attached ; 
and that when a shark is hooked and struggling in the 
water, they may often be seen to shift their position. 

He adds that as it is the back of the sucking-fish that 
is applied to the body by which it is transported, this 
‘“ being always less exposed to light is light-coloured, 
whereas the belly, which is constantly outermost and 
exposed, is of a dark chocolate colour. The familiar 
distribution of colour existing in most other fish is thus 


reversed. No doubt the object of this arrangement is to 
render the fish less conspicuous on the brown back of 
the shark. Were its belly light-coloured, as usual, 
the adherent fish would be visible for a great distance 
against the dark background. When one of 
these fish, a foot in length, has its wet sucker applied 
to a table, and is allowed time to lay hold, it adheres 
so tightly that it is impossible to pull it off by a fair 
ver tical Strain.”’ When they have lost their shark these 
fish often attach themselves to a ship, which they 
probably mistake for a large individual of that tribe. 
Certain races are in the habit of employing sucking-fishes 
for the capture of turtles. This curious mode of 
fishing is practised by the natives of Zanzibar, Cuba, 
und Torres Straits, the sucking-fish being prevented from 
escaping by the attachment of a thin “cord to its tail. 


STAR-GAZERS AND WEEVERS 


The family Tvachinid@ is here taken to include not 
orly the typical weevers, but likewise the 
star-gazers and severakother more or less nearly allied 
types, these being split up into five subfamilies, 
though some, if not all of these subfamiles are some- 
times regarded as distinct families. In this Rien: 
sense the family is characterised by the more or less 
elongated and narrow form of the body, which may be 
either naked, or have scales. A spinous dorsal, or a 
spinous portion of the dorsal, is generally distinct, in 
which the spines are connected by membrane; there 
are no finlets ; the caudal (except in the tile- fish) is not 


forked ; the pelvic fins include a single spine and five 
rays; and the gill-openings are more or less wide. 
The number of vertebre in the trunk is generally ten 
or more, and there are always more than fourteen in 


the tail. : 

Carnivorous in their habits, the majority of these 
fishes are of small size, with but feeble swimming powers, 
and living on the bottom of shallow seas. The tile-fish 
and its allies are, however, large deep-water forms ; 
and the genus Bathydraco has been taken from depths 
of over 1,200 fathoms. They inhabit all seas except 
the Arctic, where they are almost unknown. 


STAR-GAZERS 

The star-gazers, as typically repre- 
sented by the species Uvanoscopus 
scaber, form the first subfamily, and 
take their name from the upward 
direction of their small eyes. They 
are further characterised by the 
continuous lateral line, and by the 
spinous portion of the single or 
double dorsal fin being less deve- 
loped than the soft part, which is 
similar to the anal. The members 
of the typical genus are distin- 
guished by the large, broad, and 
massive head being “partly covered 
with bony plates ; the vertical cleft 
of the mouth, and the minute size 
of the scales. The first of the two 
dorsal fins has from three to five 
spines, and the rays of the pectorals 
Villiform teeth are present in the jaws 


are branched. 
and on the bones of the palate, but there are no tusks. 
The gill-cover is armed, and there is generally a long 
filament below or in front of the tongue, but there is no 


swim-bladder. While the figured species is from the 
Mediterranean, the others range from the Indo-Pacific 
to the Atlantic. 

Rarely measuring a foot in length, these fish can 
raise or depress their small eyes at w ill, and are gener- 
ally found lying sluggishly on the sea- -bottom in wait 
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for their prey, frequently concealed among stones. The 
filament in front of the mouth, which is moved by the 
stream of water continually passing through the latter, 
doubtless acts as a lure to entice prey. 


WEEVERS 


The greater English weever, or sting-bull (Tvachinus 
draco), is the best known representative of the typical 
genus of the second subfamily, in which the eyes are 
more or less lateral, the lateral line 
continuous, and the hinder part of 
the premaxillary bones devoid of 
an enlarged tooth; the dorsal fins 
being one or two in number. In 
this particular genus the cleft of the 
mouth is very oblique; the eyes 
have an upward inclination; the 
cycloid scales are very small; and 
there are villiform teeth both on 
the jaws and on the bones of the 
palate. Of the two dorsal fins, the 
first. is very short and furnished 
with six or seven spines, and the 
lower rays of the pectorals are 
simple. in the head both the 
preorbital and precpercular bones 
are armed. 

The weevers have a somewhat 
peculiar geographical distribution, 
being found in the European seas, 
but unknown on the Atlantic coasts 
of America, although reappearing 
in Chilian waters: In the British 
seas they are represented by the ; 
greater weever (7. draco), frequently measuring about 
a foot in length, and the lesser weever (7. vipera), 
which seldom exceeds 6 inches. The poisonous secretion 
is lodged in a deep double groove in the spines of the 
dorsal fin and gill-cover. Weevers are probably an 
example of ‘‘ warning ’”’ coloration, which advertises 
unpleasant qualities and keeps off enemies—in this 
case, other fishes—for when buried in the sand, a 
common habit, the projecting dorsal fin, being black 
in colour, is very conspicuous. 
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The third subfamily—regarded by many writers as 
a distinct family—has long been known by the genera 
Latilus and Pinguipes from various tropical and sub- 
tropical seas, and is characterised by the body being 
covered with small scales, the lateral position of the 
eyes, the continuous lateral line, and the presence of a 
large tooth on the hinder part of the premaxillary bones. 
Especial interest attaches to the group, on account 
of the discovery of a new member living in warm Gulf 
Stream water off No Man’s Land, Massachusetts, In 
1879, which received the name of tile-fish (Lopholatilus 
chameleonticeps). The tile-fish is one of the most 
brilliantly-coloured fishes out of the tropics, and 
remarkable for the presence of a soft dorsal fin, resem- 
bling that of the salmon, which is placed on the neck in 
advance of the regular dorsal fin instead of behind it, 
as in the salmon family. 


ANGLER-FISHES AND. THEIR ALLIES 


The angler-fishes and their allies (family Lophiide) are 
remarkable for their extreme ugliness and strange forms. 
Possessing the group characters already noticed, they 
are specially distinguished by having the spinous 
dorsal fin placed far forwards on the head, and generally 
modified more or less completely into tentacles, although 
it may be represented by isolated spines. The head 
and fore part of the body are:of enormous relative size, 


and the teeth in the capacious mouth are either villi- 
form or rasp-like. When present, the pelvic fins 
consist of four or five soft rays ; and the pectorals are 
supported by a prolongation of some of the superior 
bones. The gill-opening is reduced to a small aperture 
situated near the pectoral fin; and the gills themselves 
are either two and a half or three and a half in number, 
false gills being generally absent. 

These fishes are distributed over all seas. Dr. Giinther 
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writes that “the habits of all are equally sluggish and 
inactive ; they are very bad swimmers ; those found 
near the coasts lie at the bottom of the sea, holding 
on with their arm-like pectoral fins to seaweeds or 
stones, between which they are hidden; those of 
pelagic habits attach themselves to floating seaweed 
or other objects, and are at the mercy of wind or 
current.’’ A large proportion have, therefore, found 
their way to the abysses of the ocean, retaining all the 
characteristics of their surface ancestors, but assuming 
deep-sea modifications. 

The small number of species constituting the typical 
genus (Lophius) include the weirdest forms, among 
these being the British angler-fish (L. piscatorius), known 
also as the fishing-frog, frog-fish, or sea-devil (p. 1753). 
We may note the enormous size of the broad, depressed, 
and rounded head, near the middle of the upper surface 
of which are situated the small eyes ; and the great 
width of the cleft of the mouth, which looks like a 
yawning chasm. Both the jaws and palate are armed 
with unequal rasp-like teeth, capable of being raised 
and: depressed. The body is naked ; the first three 
spines of the dorsal fin form long tentacles on the head, 
and the next three are connected ; the soft dorsal and 
anal fins being of small length. 

The whole of the few known forms are coast-hunting 
fishes, the common species ranging from the European 
and South African seas to those of the western side of 
North America ; while a second is found in the Mediter- 
ranean, a third in Chinese and Japanese waters, and a 
fourth in those of the Admiralty Islands. In the 
British species the general colour of the upper surface 
is uniform brown, becoming darker on the fin-membrance ; 
while the under parts, as well as the pectoral and pelvic 
fins, are white; the tail being dark blackish brown. 
The colour varies according to that of the surroundings. 
Alhough commonly not more than a yard in length, 
specimens of this ugly monster have been known to 
measure more than 5 feet 
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The angler affords us an example of a creature 
admirably adapted to its particular mode of life. 
Living on the mud or sand of a shallow sea-bottom, 
it is protected not only by its power of adapting its 
colour to local surroundings, but also by the seaweed- 
appearance of 


like the fringed head-appendages. 
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The structure of the paired fins enables the fish to 
walk on the sea-bottom ; and with these limbs it can 
also stir up sand and mud to attract prey, and at the 
same time to aid in concealment. Fish and other prey 
are also attracted by the constant movement of the 
first head-tentacle, which terminates in an expanded 
lappet ; and no sooner is 
the victim well within reach 
than it is engulfed with 
one snap of the capacious 
mouth, the erectile and 
backwardly directed teeth 
preventing any chance of 
escape. The angler-fishes 
that live in the deep sea 
have similar habits, but in 
some of them the “ lure ”’ 
is phosphorescent, an adap- 
tation to the gloom of the 
ocean abysses. 

BULL-HEADS AND 

GURNARDS 


The next family of the 
present section (Cottid@) 
differs from all the foregoing, with the exception of the 
genus Pseudochvomis and its allies, in the presence of 
a bony process arising from the infraorbital ring of the 
skull to connect it with the spine at the angle of the 
preopercular bone. The shape is more or less elongate 
and subcylindrical; the cleft of the mouth is trans- 
verse, and the weak teeth are generally arranged in 
villiform bands. As a rule, there are two dorsal fins, 
of which the spinous is less developed than the soft, 
both the latter and the anal being elongated ; the 
pectorals may be provided with filamentous appen- 
dages, and the pelvic pair have not more than five rays. 
The body may be either naked, scaled, or protected 
by a single row of plate-like scales. The members of 
this family are distributed over almost all seas, while 
a few inhabit fresh waters. 

Of comparatively small or medium size, they swim 
feebly, and spend their time swimming or crawling at 
the bottom of the sea in shallow water, not far from 
land. A Japanese bull-head is stated, however, to 
have been dredged in five hundred fathoms of water. 


BULL-HEAD, OR MILLER’S THUMB 


The familiar bull-head, or miller’s thumb (Cottus 
gobio), of the streams of Britain and many other parts 
of Europe, belongs to a genus containing some forty 
species, mostly distributed over the fresh waters and 
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coasts of the temperate zone of the Northern Hemi- 


sphere. All are of small size, and characterised by the 
broad, depressed, and rounded head ; the subcylin- 
drical body, somewhat compressed posteriorly ; the 
absence of scales; the distinct lateral line, and the 
rounded pectoral fins, in which some or all of the rays 
are simple. Villiform teeth are present on the jaws 
and vomer, although there are none on the palatine 
bones. In the majority of the fresh-water species 
the spine on the preopercular bone is simple, but 
becomes branched in many of the marine forms. 

The common fresh-water species, which ranges over 
Central and Northern Europe to Northern Asia, seldom 
exceeds 4 or 5 inches in length, and is more.generally 
found in small streams than in large rivers. It hasa 
well-known habit of concealing its broad and flat head 
beneath loose stones on the river-bottom, and in this 
position will lie motionless for hours, but when dis- 
turbed swims swiftly away. Its food consists of the 
larve of water-insects and crustaceans, as well as the 
eggs and fry of oth@*small fish. In some part of 
Germany it is used for making soup. 

The other British representatives of the genus are 
marine, and include the sea-scorpion (C. scorpius) and 
father-lasher (C. bubalis), both of which are also found 
on the opposite side of the Atlantic, as well as two 
other less common species. The males of the common 
marine species are stated to 
build a nest of stones and 
seaweed for the reception 
of the spawn, and to guard 
and defend the young fry 
when hatched. The four- 
horned cottus (Cottus quad-. 
yicornis) possesses four 
roughened projections on 
the head. It is an Arctic 
and Baltic species, which 
is occasionally taken on the 
British coast. 


GURNARDS 
paren Of a _ decidedly ugly 
ae appearance, the gurnards 


(Trigla) are easily recog- 
nised by their enormous, 
square, and elevated heads, in which the upper surface 
and sides are entirely bony, and likewise by the finger- 
like first three rays of the pectoral fins, which serve not 
only for walking on the sea-bottom, but likewise as 
organs of touch, and are employed in the search for 
the small crustaceans, etc., that constitute their food 
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There are two dorsal fins, of which the spinous is tall, 
and the soft one long, low, and similar to the anal ; 
the tail-fin being slightly rounded. The teeth are 
villiform ; and the swim-bladder may be divided into 
two longitudinal halves. Their colours are frequently 
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brilliant, and the fins highly decorated. The genus is 
represented by some forty species, distributed over 
all temperate and tropical seas, out of which no less 
than seven are found in British waters. Their flesh, 
which is firm and flaky, and of a pale orange-pink 
tinge, is extensively used as food. 

One of the best known of the British species is the 
red gurnard (7. pint), which seldom exceeds 12 or 14 
inches in length, and, when freshly caught, is of a 
bright red colour, with the sides and under parts 
silvery white, and the fins reddish-white. Its: food 
consists of crustaceans, which give the pinkish tinge 
to its flesh, and the spawning season is May or June. 
The sapphirine gurnard, or tub-fish (7. hivundo), 
another British species, takes its Latin name from 


the length of the pectoral fins, and its English 
title from the beautiful azure tint of their inner 
surfaces. More abundant than the other species, 


this gurnard may reach a couple of feet in length, 
its general colour being brownish red. 

APEMIEGsSritsh hott) eee ses ee 
is commonly knownas 
the piper (T. /yra), and 
may be recognised by 


the unusually large 
head, the more pro- 
jecting snout, and 


the greater length of 
the spines of the giil- 
cover. The general 
colour is brilliant red, 
with the under parts 
white. It attains a 
length of a couple of 
feet, and is supposed 
tOmetakee 8 Its) Name 
from the grunting 
sound which, in 
common with other 
species, it emits 
when first handled. 
The European forms 
are rarely found on 
the other side of the 
Atlantic, where their 
place is taken by 
other species. 

Two British species fie 
are oeured im the . Se ng eae 
coloured plate on 
page 1613—namely, the grey gurnard (T. gurnardus), 
above, and the streaked gurnard (T. lineata), below. 


FLYING-GURNARDS AND THEIR ALLIES 


The so-called flying gurnards (Dactylopteridz) are 
easily recognised by their armour of bony keeled 
plates or scales. In form the body is elongate and 
subcyclindrical ; the teeth are weak ; and there is a 
bony stay connecting the preopercular with the 
infraorbital ring. 

These fishes are all marine, some being pelagic, 
and are found in the warmer parts of the Atlantic and 
Indian Oceans. As in ordinary flying-fishes the 
pectoral fins are enormously enlarged, but in this case 
the “ flights”? are shorter. It appears, however, that 
flying gurnards are able rapidly to vibrate their 
pectoral fins, which, therefore, have a better claim 
to be called ‘“‘ wings”? than the corresponding fins of 
common flying-fishes, which are parachutes pure and 
simple. The four known species all belong to a 
single genus (Dactylopterus), the most familiar being 
a form (D. volitans) native to the Mediterranean and 
Atlantic. 


THE ANGLER-FISH 


DRAGON-FISHES 

Here may be noticed the curious little dragon-fishes 
(Pegasus), from the Indian, Chinese, and Australian 
seas. In these strange little fishes the broad and 
depressed body is covered with bony plates, which are 
movable, although those investing the tail are firmly 
welded together. The narrow gill-opening is situated 
in front of the pectoral fin; the gill-cover is formed 
of a single plate, and the gills themselves are four in 
number. The single short dorsal fin is placed opposite 
an anal of similar size ; the pectorals are long, horizontal 
and composed of simple rays, some of which are 
spinous ;/ and the pelvic comprises one or two rays, 
the outer one being elongated. Both teeth and swim- 
bladder are wanting. The species (P. natans) figured 
on page 1755 is an Australian‘one, and is less well-known 
than the Indian P. dvaco and the Chinese P. volttans. 


LUMP-SUCKERS 
With the lump suckers we come to a small section 
characterised by the 
wee spinous dorsal “fin 


| being short, and 
| either composed of 
g flexible spines) “on 


Z ‘much less developed 
(| than the soft dorsal, 
or soft portion of the 
' same; the soft dorsal 
being equal in extent 
; to the anal. If pre- 
| sent, the pelvic fins 
are either thoracic 
/ or jugular in posi- 
tion, with one spine, 
and generally five 

(rarely four) soft 
| rays. In no case is 

there a bony stay to 

the preopercular from 
the infraorbital ring. 
As a family, the 
lump-suckers (Cyclo- 
ptevrid@) are cCharac- 
terised by the thick 
or oblong body, either 
naked or tubercu- 
| lated; small teeth ; 
narrow gill-openings ; 
and the presence of 
a circular adhesive disc on the lower surface of the 
chest, surrounded by a fringe of skin, and supported 
by the rudimentary pelvic fins, the gill-opening being 
narrow. All the members of the family are carnivorous 
coast-dwellers, restricted to the colder seas of the 
Northern Hemisphere, and ranging into the Arctic 
Ocean. They derive their name from their habit of 
attaching themselves to rocks by means of the 
adhesive disc. 

The members of the typical genus Cyclopterus are 
thick, short fishes, with a viscous tuberculated skin ; the 
large head has a very short, blunt snout; and there 
are rows of villiform teeth on the jaws, but none on the 
palate. The skeleton is remarkable for its softness. 
In the British species (C. lumpus), the skin is so 
thick as almost to conceal the first dorsal fin; 
and in the adult the large rough tubercles are 
arranged in four longitudinal series on each side of 
the body. 

Although these fishes may reach alength of a couple of 
feet, they do not usually measure more than 12 or 14 
inches. These voracious forms feed chiefly on the fry of 
other species. The lump-sucker is able to change 
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its colour with fair rapidity to harmonise with its 
surroundings. The smaller male is distinguished from 
the female by bright red and yellow sides and belly, 
and he is particularly brilliant in hue during the 
breeding season. He makes a hole in which the eggs 
are laid, and guards them jealously, moving his pectoral 
fins up and down so as to set up aerating currents. 
When hatched, the young attach themselves for a time 
to his body by means of their suckers. 


GOBIES AND MUD-SKIPPERS 

The gobies and their allies (family Gobitde) differ 
from lump-suckers in possessing distinct rays to the 
pelvic fins; although in some cases the two fins may 
be jomed:.>in- the 
middle line. The 
elongated body may 
be either scaled or 
naked; and the teeth 
are generally small, 
but may have en- 
larged tusks among 
them. The spinous 
portion of the dorsal 
(whether separate or 
continuous with the 
soft dorsal) is always 
composed of flexible 
spines, and _ shorter 
than the soft dorsal. 
The gill-opening is 
more or lessnarrowed, 
and there is usually 
no swim-bladder. 
prises small carnivorous shore-fishes, a few of 
which have accustomed themselves to a fresh-water 
life. It contains a large number of genera, some of 
which are extremely numerous in species, as are the 
latter in individuals; and their range includes the 
coast-regions of all the temperate and tropical seas. 


GOBIES 

The gobies form a very large genus (Gobius), with a 
geographical distribution as extensive as that of the 
family, but especially well represented in tropical and 
subtropical seas, no less than forty different kinds 
being recorded from those,of India alone. These fishes 
have the body generally scaled ; eae 
two dorsal fins, of which the a det ga Tos 
first is usually furnished with 
six flexible spines; the pelvic 
fins united to form a sucker, 
which, however, is at most only 
partially adherent to the abdo- 
men; the teeth in more than a 
single row ; and the vertical gill- 
opening of moderate width. 
The form of the body is subject 
to considerable specific variation; and in some species 
the head, and in others a part or even the whole of 
the body, is devoid of scales. In some cases there may 
be barbels or warts on the head, and in others a crest 
on the occiput. There are likewise considerable 
differences in the dentition, some species having large 
tusks among the ordinary teeth. 

The gobies, of which there are several British marine 
species, are specially partial to rocky coasts, where they 
protect themselves against waves and storms by 
adhering to rocks by means of the pelvic sucker. Some 
prefer brackish estuaries or lagoons, while others again, 
for example, a Russian species (G. fluviatilis), livein rivers, 
In many of them the male constructs a nest, in which 
the spawn is hatched. In the case of the spotted goby, 


LUMP-SUCKER 


This very extensive family com- 


FRESH-WATER 
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or polewig (G. minutus)—a species found for some 
distance up the Thames—the male, when in tidal 
pools, generally chooses one of the shells of a cockle or 
some other bivalve for its nest ; the shell being placed 
on the sand with its concave surface downwards, 
beneath which the sand is hollowed out and cemented 
by a special mucilaginous secretion from the skin of 
the fish ; a cylindrical tunnel giving access to the nest, 
and the whole structure being covered over with loose 
sand. The female having deposited her eggs, which are 
fixed to the shell, in this nest, the male mounts guard 
over them, maintaining his watch during the whole 
period of incubation, which lasts from six to nine days. 

A European goby (Aphia pellucida), belonging to a 
distinct genus, and 
characterised by its 
translucent body, is 
almost peculiar among 
vertebrates in that it 


lives only a year. In 
June and July the 
spawn is. deposited, 


the eggs are hatched 
in August, while in the 
late autumn or winter 
the fishes become fully 
mature ; these, how- 
ever, die off in the 
following Julyor 
August, so that in 
September only the 
fry survive, Phe 
giant goby (G. capito) 
of the Mediterranean and English Channel grows to 
a length of 9 or 10 inches. 


MUD-SKIPPERS 

The mud-skippers (Periophthalmus) are remarkable 
for their prominent eyes and strange habits. They 
frequent the coasts and estuaries bordering the Endo- 
Pacific Ocean, and the shores of West Africa. Their 
name is taken from the prominent eyes, which are set 
close together somewhat below the line of the profile, 
and are not only capable of protrusion and retraction, 
but are furnished with a well-developed outer eyelid. 
The elongate body is covered with cycloid or slightly 
pectinated scales, extending on to the bases of the 
pectoral fins; the cleft of the 
mouth is nearly horizontal, with 
the upper jaw projecting some- 
what beyond the lower, and the 
conical teeth are vertical. The 
first dorsal fin includes a variable 
number of flexible spines; the 
base of the pectorals are mus- 


cular; the . “pelvic - ins’ “are 
GOBY ~ united for a portion of their 
length ; and the caudal fin has 


its lower border obliquely truncated. 

The species figured (P. koelreuter’) has a wide range, 
being found in the Red Sea, on the coasts of India, 
where it ascends tidal rivers and estuaries, as well as 
in the Andamans, the Malay Archipelago, and the 
islands of the Pacific... Concerning their habits, Day 
writes that ‘‘ these fishes, from the muscular develop- 
ment at the base of the pectoral fins, are able to use 
them for progression on mud or for climbing. It is a 
most curious sight to see P. schlosserz along the side of 
the Burmese rivers; at a distance the fishes appear 
like large tadpoles, stationary, contemplating all 
passing objects, or else snapping at flies or other 
insects; suddenly, startled by something, away they 
go with a hop, skip, and a jump, either inland among 
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the trees or on to the water like a flat stone or a piece 
of slate sent skimming by a schoolboy. They climb on 
to trees and large pieces of grass, leaves, and sticks, 
holding on by their pectoral fins exactly as if these 
were arms. Now and then they plant these firmly as 
organs of support, the same as one places one’s elbows 
on a table, then they raise their heads and take a 
deliberate survey of surrounding objects.” 

The external opening of the gill-cavity is very narrow, 
so that the gills are prevented from drying up, and the 
lining of this cavity very likely acts as a sort of lung. 
Mr. S. J. Hickson writes concern- 
ing mud-skippers : “‘ Their posi- 
tion is usually one of clinging to 
the edge of the rocks or mangrove ee or 
roots by their fins, with their — 
fails only. in the water. :......:f 
The fact that they live the | 
greater part of their lives with 
their head and gills out of water 
suggested to me an investigation 
of their. respiratory organs, as I 
thought it possible that they 
might possess some interesting 
modifications of the swim- 
bladder to enable them to 
breathe the air. It was not, how- 
ever until 1887 that 
an explanation of the mystery 
of their respiration occurred to 
me—namely, that the respiration is mainly performed 
by the tail. Since then Professor Haddon has been 
carrying on some experiments in Torres Straits, and 
has shown that this explanation is correct.” 


DRAGONETS 


Concerning the precise systematic position of the 
beautifully coloured dragonets (Callionymus), there is 
some difference of opinion ; though conveniently placed 
with the gobies, they are often referred to a separate 
family. They are characterised by the head and anterior 
portion of the naked body 
being depressed, while the 
remainder is cylindrical. The 
pointed mouth has a narrow 
horizontal cleft and a very 
protractile upper jaw; the 
large eyes have a more or 
less upward direction; small 
teeth are present on the jaws, 
but none on the palate; and 
there is a strong spine at 
the angle of the preopercular. 

Of the two dorsal fins, 
the foremost has from three 
to four flexible spines; the 
widely separated pelvics are 
five-rayed; and the gill- 
opening is very narrow, and 
generally reduced to a_ per- 
foration on the upper 
border of the © gill-cover. 
There is a large amount of sexual difference, the 
adult males having the fin-rays produced into filaments 
and the intervening membranes brightly coloured, 
while the females wear a much more sombre livery ; 
and it is due to this variation that there were long 
supposed to be two British representatives: of the 
genus—namely, the jewelled and the sordid dragonet ; 
the former being the male and the latter the female. 

In the adult male of the common dragonet, or 
sculpin (C. lyva), the first dorsal spine is greatly 
elongated; the general colour of the smooth skin 
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being yellowish, beautifully banded and spotted with 
lilac; the first dorsal fin bears severai lilac spots, 
and the second carries lilac bands. In length the 
male measures about to inches, The yellow sculpin, 
as the male is called in some parts of Britain, is gener- 
ally found in comparatively deep water, whereas the 
female often approaches the margin of the tide. Both 
sexes feed on molluscs and other hard-shelled creatures, 
as well as on worms. Out of some forty species, the 
majority are inhabitants of the coast-regions of the 
north temperate zone of the Old World, although a 
st fews are found “ine the wiropical 
| Pacific. 


BLENNIES 


The pelvic fins in the family 
| Blenniide, when present at all, 
_ are jugular in position and com- 
| posed of a very few soft rays. 
| Inthe anal fin the spines are few 
| or wanting. The low and 
elongate body is more or less 
i cylindrical, and either naked 
or -covered with scales, which 
are generally of small size. The 
dorsal fin, which may be either 
single, double, or triple, occu- 
pies nearly the whole length of 
the ‘back; and when it has a 
distinct spinous portion, this is at 
least as much developed as the soft part, while in some 
instances the whole fin may be spiny; the anal 
being elongate. In most cases false gills are present. 

All the marine members of the family are littoral 
forms, and the majority are of small size, while some 
are among the smallest of all fishes. They are abundant 
throughout all tropical and temperate seas; and 
whereas some forms inhabit brackish water, others 
are exclusively fresh-water. 

The blennies of the typical genus Blennius, of which 
there are some forty species, are found in the northern 
seas, the Tropical Atlantic, 
the coasts of Tasmania, and 
: the Red Sea. They are char- 
' acterised by the moderate 
' elongation of the naked 
/ body, the short snout, the 
. single continuous dorsal fin, 
and the presence of one spine 
; and two rays in the pelvics. 
The cleft of the mouth is 
narrow ; the jaws contain a 
single series of fixed teeth, 

behind which there is gener- 
_ ally one larger curved tooth, 
at least in the lower jaw. 
Above each eye is the longer 
or shorter tentacle, and the 
gill-opening is _ relatively 
wide. é 

Among British species we 
have the eyed, or butterfly, 
blenny (5. ocellatus), distinguished by the dark spot 
on the elevated spinous portion of the dorsal, the 
smooth blenny or shanny (B. pholis), and the large B. 
gattorugine, which may grow to a foot in length. Male 
blennies guard the eggs and young. As an example of 
a species living in inland lakes we may cite the fresh- 
water blenny (B. vulgaris) of Southern Europe. Most 
can be readily accustomed to a fresh-water life, and 
many of the marine species attach themselves to floating 
objects, while some are found far out at sea among 
patches of drifting seaweed. 
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VIVIPAROUS BLENNIES 

The fish Zoarces viviparus is one of two species of 
a genus remarkable for producing living young. With 
an elongate body, rudimentary scales, and conical 
teeth in the jaws, these fish have an extremely elongated 
dorsal fin, separated from the caudal merely by a 
depression formed by a series of spines much shorter 
than the rays; these spines being the only ones 
The pelvic fins are composed of 


throughout the fins. 


VIVIPAROUS BLENNIES 


and the long anal fin is continuous 
posteriorly with the caudal. The gill-openings are 
wide. While the figured European species, not 
uncommon on the British coasts, does not exceed a 
foot in length, its Transatlantic cousin (Z. anguillaris) 
may measure two or three times as much. The general 
colour of the adult fish is pale brown, with the dorsal 
fin and upper parts mottled and barred with darker 
brown, 

The butter-fish, or gunnel (Pholis [Centronotus] 
gunnellus), though generally associated with the 
blennies, is the type of a distinct family (Pholidide). It 
is an elongated form, sometimes attaining a length of 
as much as a foot, which is common on the British 
coasts. The eggs are rolled into a ball by the united 
efforts of both parents, and they are deposited in a hole 
in the rock, where the mother—and sometimes the 
father also—keeps guard over them. 


three or four rays ; 


WOLF-FISHES 

Easily recognised by the powerful tuberculated and 
molar-like teeth, the wolf-fishes (Anarrhichus) may be 
regarded as gigantic and somewhat specialised blennies. 
In this genus, represented by a small number of species 
from the northern seas of both the Eastern and Western 
Hemispheres, the elongate body is covered with rudi- 
mentary scales; the snout is rather short and the cleft 
of the mouth wide; and the jaws are armed with 
strong conical teeth, those of the 
lateral series carrying several 
pointed cusps, while a double row 
of large molar-like teeth runs down 
the middle of the palate. The long 
dorsal fin has flexible spines, and 
there is a distinct caudal, but the 
pelvic pair is quite wanting. The 
eill-opening is wide. The common 
wolf-fish (4. lupus), often known 
as the sea-wolf or sea-cat, like two 
allied species, ranges so far north 
as Norway and Greenland; in both 
of which countries its flesh forms 
a staple article of food. It may attain a length of 
5 or 6 feet. It is impossible to imagine a more 
voracious-looking animal than the sea cat-fish, with the 
massive head and long, sinuous, muscular body, its 
strongly-rayed fins, its vice-like jaws, armed with great 
pavements of teeth, those in front long, strong, pointed, 
like those of a tiger. It has been known to attack 
furiously persons wading at low tide among the rock- 
pools. 


BARRACUDA-PIKES 


Four families form a sectional group differing from 
those we have been considering by the position of the 
pelvic fins, which are abdominal and have one spine 
and five soft rays. The two dorsal fins are situated 
more or less-remote from one another, the first being 
either short, like the second, or composed of weak 
spines. 

The large and ferocious fishes known as barracuda 
pikes (Sphyrena), of which a species (S. vulgaris) 
is figured, are the sole existing representatives 
of the family Sphyrenid@, distinguished by the 
elongated and subcylindrical form of the body, 
the large cutting teeth, the continuous lateral 
line, and the presence of only twenty-four 
vertebre in the backbone. ‘The scales are smal] 
and cycloidal, the cleft of the mouth wide and 
the medium-sized eyes lateral. 

Represented by less than a score of species, 
barracuda pikes. are distributed over all 
temperate and tropical seas, but generally prefer 
the neighbourhood of the coast to the open 
ocean. They are all carnivorous and fierce in their 
disposition, and since they frequently grow to 6 or 
5 feet in length, they are as much or even more dreaded 
by bathers in seas where they are as common as sharks 
but not so easily driven away. 


SAND-SMELTS 


The second family (Atherinid@) of the present sectior 
is typically represented by the sand-smelts; the 
common British species (Atherina presbyter) being 
familiar. Its body is clear green, with a white 
lateral stripe. As a family, the Atherinide are dis- 
tinguished from the barracudas by the indistinct 
lateral line, the feeble or moderately developed den- 
tition, and by the number of vertebre being usually 
in excess of twenty-four. The body is more or less 
elongate, with but slight compression. The scales are 
smooth and cycloid, and the teeth minute; the first 
dorsal fin is short and completely separate from the 
second; and the snout is blunt, with the cleft of the 
mouth straight, oblique, and extending at least as far 
back as the line of the border of the eye. 

These fish derive their popular title from their 
resemblance to the true smelts, from which they may 
be distinguished at a glance by the small spinous 
first dorsal fin. While most are coast forms, associating - 
in large shoals, others are fresh-water, although these 
also retain the same habit. The genus has a wide 
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distribution in temperate and tropical seas, some otf 
the species ranging from Jfastern Africa to India. 
Atherines are very abundant in the Mediterranean, 
where the fry cling together in enormous masses for 
som? time after hatching. These fish are caughtin great 
abundance on the south coast of Devonshire, in creeks 
and estuaries. The British species seldom exceed 
6 inches in length, and are marked by a broad silvery 
stripe along each side of the body. 
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GREY MULLETS 


The grey mullets (Mugilide) are distinguished by 
the total absence of a lateral line, the presence of only 
four stiff spines in the first dorsal fin, and the limitation 
of the number of vertebra in the skeleton to twenty- 
four. The more or less elongate and somewhat com- 
pressed body is covered with cycloid or slightly ctenoid 
scales of moderate size; the cleft of the mouth is 
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small or medium; the teeth are feeble or wanting ; 
the lateral eye is of moderate size, and the gill-opening 
wide. In some species there may be a fatty lid to the 
eye. The grey mullets (Mugil) include a very large 
number of species, and are distributed over all tem- 
perate and tropical coast-regions, frequenting brackish- 
water estuaries, sometimes ascending rivers for con- 
siderable distances. Feeding chiefly upon the animals 
and organic matter found in sand and mud, they 
possess a special straining apparatus in the pharynx. 
Sand or mud are triturated between the pharyngeal 
bones, in order to extract nutriment, the mineral part 
being rejected. Another peculiarity is to be found in 
the structure of the gullet and stomach, the former being 
lined with long thread-like papillz, while the second part 
of the latter is muscular like the gizzard of a bird. 

The figure represents the common grey 
mullet (M. capito), one of several species 
frequenting the British coasts. Although 
this mullet only grows to the weight of 
about 4 pounds, some of the foreign species 
may scale three times as much. This mullet 
has been kept in a fresh-water pond, where 
it seemed to thrive better than in the sea. 
The flesh of all the grey mullets is of good 
quality, but bears no comparison to that of 
their red namesakes. The natives of 
Honolulu construct mullet-ponds by build- 
ing walls across the mouths of narrow inlets 
of the sea, leaving numerous small openings, 
through which the young fish enter, soon, 
however, growing too large to make 
their escape. 


GAR-FISHES AND FLYING-FISHES 


In this place may be noticed a family 
(Scombresocidg), in regard to the serial 
position of which there is some difference 
of opinion, some writers placing it among the tube- 
bladdered fishes, while others consider that its true 
position is here. The inclusion of the group among the 
tube-bladdered fishes utterly spoils the definition of that 
suborder, since in those members of the present family 
provided with a swim-bladder that organ lacks a duct. 

Agreeing with the preceding section in the abdominal 
position of the pelvic fins, these fishes differ from 
those yet described, with the exception of certain 


perches, in the union of the lower pharyngeal bones ; 
while they are further characterised by the absence 
of a spinal dorsal fin, and the deeply forked caudal. 
The single dorsal is situated opposite to the anal fin in 
the caudal region, the swim-bladder is generally present, 
the false gills are hidden and glandular, and the simple 
stomach merely forms a dilatation of the intestinal tract. 
Although the majority of the members of this family 
are marine, some being pelagic, afew have taken to a 
fresh-water existence ; and while many ot 
the latter are viviparous, the whole of the 
others deposit eggs in the usual manner. 
Distributed over all the temperate and 
tropical seas, these fish are strictly carnivor- 
ous in their habits. 

Gar-fishes are represented by nearly fifty 
species from temperate and tropical seas, 
among which the figured one (Belone vulgaris) 
is common on the British coasts, also ranging 
over the whole of the seas of Northern Europe. 
As a genus, these fishes are easily recognised 
by the production of the jaws into a long, 
slender beak, formed in the upper one exclu- 
sively by the premaxillary bones; while they 
are further characterised by the whole of the 
rays of the dorsal and anal fins being con- 
nected by membrane. Both jaws are beset with a number 
of rugosities, and also with a series of long, conical teeth 
placed at considerable intervals. A peculiarity of these 
fish is to be found in the green colour of their bones. 

Although British species do not exceed a couple of 
feet in length, some of the foreign representatives of 
the genus may grow to as much as 5 feet. 

The saury, or skipper (Scombresox saurus), is the 
British representative of a much smaller genus, differ- 
ing from the gar-pikes by the minute size of the teeth, 
and likewise by the presence of a number of small fin- 
lets behind the dorsal and anal fins. On the other hand, 
the half-beaks (Hemivhamphus), some of which inhabit 
fresh water, have the lower jaw larger than the upper 
throughout life. They mostly feed on green seaweed. 

Represented by over forty species from tropical 
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and subtropical seas, the flying-fishes, of which the 
common Exocetus evolans is figured, form a genus 
recognisable by the great length of the pectoral fins. 
They are further characterised by the blunt and short- 
jawed head, and the moderately long, oblong body 
invested in a coat of rather large-sized scales ; the teeth, 
when present at all, being minute or rudimentary. The 
ordinary length of a flying-fish is from to inches to a 
foot, but specimens are occasionally met with half as 
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long again; and although the common form ranges 
round the world, the distribution of some other species 
is extremely restricted, one being recorded only from 
the seas on the Pacific side of the Isthmus of Panama. 
The species differ considerably in the length of the 
pectoral fins ; those in which they reach to the tail-fin 
being capable of taking the longest flights, whereas in 
some others they do not extend bey ond the anal. 
Associating in shoals, which are sometimes of immense 
size, all these fish are pelagic in their habits, and all are 

capable of taking the skimming flight from which they 
derive their name. That these fish take their flights 
primarily to escape from their enemies may be re- 
garded as certain ; and it is equally well ascertained 
that the continuance of the flight is due to the original 
impetus of the leap from the water, and is not prolonged 
by any flapping of the fins. 


The following account is abridged by Dr. Giinther 
from one published by Dr. Moébius, and runs as 
follows: ‘“‘ Flying-fish are more frequently observed 


in rough weather and in a disturbed sea than during 
calms; they dart out of the water when pursued 
by their enemies or frightened by an approaching 
vessel, but frequently also without any apparent cause, 
as is also observed in many other fishes ; and they rise 
without any regard to the direction of the wind or waves 

The fins are kept quietly distended, without any 
motion, except an occasional vibration caused by the 
air whenever the surface of the wing is parallel with the 
course of the wind. Their flight is rapid, but gradually 
decreasing in velocity, greatly exceeding that of a ship 
going ten miles an hour, and extending to a distance of 
rity hundred feet. Generally, itis longer when the fish 

, against than with or at angle to the wind. Any 
srr or horizontal deviation from a straight line is 
not caused by the will of the fish, but by currents of the 
air; the fish retaining a horizontally straight course 
when flying with or BRS the wind, but being carried 
to one side whenever the direction of the la tter is at an 
angle to that of their flight. It may, however, happen 
that in the course of its flight a fish may dip its tail in 
the crest of a wave, thus changing its direction to the 
left or right. 

‘In calm weather the line of flight is always also 
vertically straight, or, rather, parabolic, like the course 
of a projectile, but in a rough sea, when the fish are 
flying against the course of the waves, it may become 
undulating. In such instances the flying-t fish frequently 
overtop each wave, being carried over by the pressure of 
the disturbed air. Flying-fish often fall on board 
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vessels, but this never happens during a calm, 

or from the lee side, always taking place ina 

breeze, and from the weather side.” 
STICKLEBACKS 

Taking their name from the presence of a 
variable number of isolated spines in advance 
of the soft dorsal fin, sticklebacks (Gastro- 
steid@) have the body more or less elongate 
and compressed, the cleft of the mouth 
oblique, and the teeth villiform. The gill- 
cover is unarmed, and the cheek covered by 
the infraorbital bone; and, in place of scales, 
there are generally large plates along the sides 
of the body. The pelvic fins, although 
abdominal in position, are connected with the 
pectoral girdle by means of the pelvic bones, 
and consist of but one spine and a single ray ; 
and there are but three branchiostegal rays. 
Confined to the temperate and Arctic zones 
of the Nortfern Hemisphere, where they are 
represented by some half score species of small 
size, sticklebacks are mainly fresh-water fishes, 
although the sea-stickleback (Spinachia vulgaris) is a 
marine or brackish-water form, and all the rest can live 
as well in salt as in fresh water. 

The British fresh-water forms are distinguished by 
the number of dorsal spines, and are known as the three- 
spined (Gastrosteus aculeatus), four-spined (G. spinu- 
losus), and nine-spined sticklebacks (G. pungztzits) ; 
while in the United States G. noveboracensis is the most 
familiar kind. The three-spined stickleback was for- 
merly supposed to exist in three different varieties, but 
these have now been shown to be seasonal changes in 
the same individuals. Very different in appearance 
from the others is the fifteen-spined, or sea, stickleback, 
in which the body is very long and thin, this species 
ranging so far north as Norway and the Baltic. It has 
recently been ascertained that all the individuals of this 
stickleback die within a year of their birth ; so that we 
have here a second example of an annual vertebrate, 
the first being the one mentioned on page 1754. 

Sticklebacks are extremely pugnacious, and at the 
same time highly voracious, fishes, the males engaging 
in fierce conflicts with one another; while both sexes 
consume a vast quantity of the fry of other fishes, and 
are therefore most objectionable denizens of preserved 
waters. In fighting, the males use their formidable 
dorsal spines, with which they have been seen to rip 
open the body of an antagonist. The most interesting 
trait in the economy of sticklebacks is, however, the 
nest-building habit of many species. In the sea-stickle- 
back the nest is composed of a mass of pendent sea- 
weeds, bound together by a silk-like thread into a 
pear-shaped form, in the centre of which are deposited 
the eggs. Such a nest has been known-to be guarded 
for a period of upwards of three weeks by the male, 
and when it sustained any damage by which -the eggs 
were exposed to view, the watchful guardian set about 
repairing the mischief with the greatest despatch and 
energy, thrusting his nose deep. in the structure, and 
pushing and pulling the materials till all was once 
more sound. 

The following account of the nesting of the three- 
spined stickleback in an aquarium was forwarded by a 
correspondent to Frank Buckland. On this occasion 
the male “‘ selected a spot nearly in the centre of the 
trough, and busily set to work to make a collection of 
delicate fibrous materials, placed on the ground, and 
matted into an irregularly circular mass, somewhat 
depressed, and upwards of an inch in diameter, the top 
being covered with similar materials, and having in the 
centre a rather large hole. His work was begun at 
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noonday, and was completed, and the eggs deposited, 
by half-past six in the afternoon. Nothing could 
exceed the attention from this time evinced by the male 
fish. He kept constant watch over the nest, every now 
and then shaking up the materials and dragging out 
the eggs, and then pushing them into their receptacle 
again, and tucking them up with his snout, arranging 
the whole to his mind, and again and again adjusting 
it till he was satisfied ; after which he hung or hovered 
over the surface of the nest, his head close to the 
orifice, the body inclined upwards at an angle of about 
45°, fanning it with the pectoral fins, aided by a side 
motion of the tail. This curious manoeuvre was 
apparently for the purpose of ventilating the spawn ; 
at least, by this means a current of water was made to 
‘set in towards the nest, as was evident by the agitation 
of particles of matter attached to it. 

“ This fanning or ventilation was frequently repeated 
every day till the young were hatched ; and sometimes 
the fish would dive head foremost into his nursery and 
bring out a mouthful of sand, which he would carry 
for some distance and discharge with a puff. At the 
end of a month the young ones were first perceived. 
The nest was built on April 23, and the young appeared 
firston May 21. Unremitting as had been the attention of 
this exemplary parent up to the time of the hatching of 
the eggs, he now redoubled his assiduity. He never 
left the spot either by day or night, and during the 
daytime he guarded it most pertinaciously, allowing 
nothing to approach.” 


SUCKER-FISHES 


The small fish Lepadogaster bimaculatus, of which 
three examples are shown in the illustration below, 
is one of three British representatives of a genus 
belonging to a small family (Gobioescid@) which con- 
stitutes a sectional group by itself. Long confounded 
with the lump-suckers, which they resemble in having 
an ovate adhesive disc on the under surface of the body, 
the sucker-fish differ from that group not only in 
the structure of that disc, but likewise in several other 
respects. They have no spinous dorsal fin; the soft 
dorsal and anal are short or of medium length, and 
situated far back, at the root of the tail; the pelvic fins 


TWO-SPOTTED SUCKER-FISHES 


are almost jugular in position, and have the adhesive 
disc placed between them, while the body is covered with 
a naked skin. While in lump-suckers the pelvic fins 
are close together, and actually constitute the base of 
the sucking disc, in the present family they are widely 
separated from each other, and only help to form part of 
the edge of the sucker, which is completed by a carti- 
laginous expansion of the bones of the girdle. In size 
the shoulder-disc is relatively large, its length being 
sometimes as much as one-third that of the whole fish, 
and it is diyided into an anterior and a posterior moicty, 
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SEA-STICKLEBACK, NINE-SPINED STICKLEBACK, AND 
TWO THREE-SPINED STICKLEBACKS 


of which the second may or may not have a free front 
margin. All these fishes are shore forms of small size, 
ranging over both temperate zones, where they are more 
numerots than in the tropics. The figured species is 
generally carmine-red above and pale flesh-colour 
below, with a light patch between the eyes and two 
more or less distinct spots on the sides. It has been 
obtained adhering to stones and shells in deep water 
off Torquay. 


SERPENT-HEADS 


Mainly characteristic of the Oriental region, althe .gh 
also represented in Africa, the fresh-water fishes known 
as serpent-heads (family Ophiocephalid@) are in- 
teresting not only on account of their structure, but 
likewise from their peculiar habits. They form a 
single family, constituting a sectional group by itself, 
and represented by two genera, in one of which (Ophio-, 
cephalus) pelvic fins are present, while in the second 
(Channa) they are wanting. As a family, the serpent- 
heads are characterised as follows. The body is 
elongated and covered with medium-sized scales ; 
all the fins are spineless, the anal and single dorsal 


being long and low ; and there is an additional cavity. ~ 


above the proper gill-chamber, although this is not 
furnished with supplementary gills. The depressed 

head is covered with somewhat plate-like scales, and 

has the eyes lateral and the gill-openings wide; each 

gill-chamber containing four gills, while teeth are 

present on the jaws, palatines, and vomer. If present, 

the pelvic fins are thoracic in position, and composed 

of six rays. The lateral line is sharply curved or almost 

interrupted, and a swim-bladder is present. 

Of the typical genus there are some thirty existing 
species, having a distribution coextensive with that 
of the family, and in Asia ranging over Baluchistan, 
Afghanistan, India, Ceylon, Burma, China, Siam, and 


‘the Malay Archipelago ; the figured species (O. striatus’ 


being common. to such distant localities as India and 
the Philippines, and at times reaching as much as 
a yard in length. The second genus, Channa, is 
represented only by asingle species from Ceylon 
and China, 

In India the serpent-heads are found in rivers, 
ponds, tanks, and swamps, many of them seeming 
to prefer stagnant to running waters. Day writes that 
these fishes, ‘‘having hollow cavities in their heads, and 
an amphibious mode of respiration, are able to exist 
for lengthened periods out of their native element, 
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and can travel some distance over the ground, especially 
when it is moist. They are able to progress in a ser- 
pentine manner, chiefly by means of their pectoral 
and caudal fins, first one of the former being advanced 
and then the other. These fishes appear to be mono 
gamous, some breeding in grassy swamps or the edges 
of tanks, some in wells or stone-margined receptacles 
for water, and others again in holes in river-banks.”’ 


SERPENT-HEAD 


When living in muddy water they rise to the surface 
from time to time to take in air, and captive examples 
prevented from doing this have been known to die. 


LABYRINTH-GILLED FISHES 


In the members of the two families of A nabantid@é and 
Luciocephalide—rather small estuarine and fresh-water 
fishes, which constitute a sectional group by themselves 
—the apparatus for enabling them to exist for a con- 
siderable time out of water is carried to a greater 
degree of complexity than in the last, and takes the 
form of a laminated accessory gill-like organ, situated 
in a chamber on each side of the head above the one 
containing the true gills. The body is compressed, 
oblong, and elevated, with medium-sized ctenoid scales. 
The eyes are lateral, the gills four in number, the gill- 
opening rather narrow, and false gills either rudi- 
mentary or wanting. The single dorsal fin, as well as 
the anal, has a variable number of spines; and the 
pelvic fins are thoracic in position. While in some 
cases the lateral line is interrupted, in others it is 
altogether wanting ; and the swim-bladder may 
be either present or absent, but when developed 
it is generally very large, sometimes: even 
extending into the tail. 

These fishes are confined to Southern Asia and 
South Africa, and are all capable of existing for 
some time out of their native element, when they 
oxygenate their blood directly from atmospheric 
air by means of the accessory gill-like organ. 
Some are carnivorous, and others vegetarian. 
All are capable of domestication, in which state 
they aresubject to considerable variation, and 
several have been acclimatised in countries other 
than their own. The flesh of all is said to be 
eatable, and that of some is of excellent quality. 
On account of their brilliant coloration and the 
curious habits of some of them, these fish have 
always attracted more than ordinary interest. 

CLIMBING-PERCH 

The somewhat inappropriate name of climbing- 
perch (Anabas scandens) has long been applied by 
Europeans in India to the sole representative of a 
genus characterised by the presence of teeth on the 
palate, and the serration of the free margins of the 
opercular and preorbital-bones. The body is compressed 
and oblong; the lateral line interrupted; the single 
dorsal fin has its spinous portion much longer than the 
soft part; and in the anal fin the spines are less 


numerous than those on the back. The caudal fin 
is rounded, and the scales are rather large. In length 
the climbing-perch may reach at least 8} inches, and 
in the adult state its general colour is dark green, 
usually marked with dusky bands, which disappear 
soon after death. It frequents estuaries, rivers, and 
tanks, and is distributed over India, Ceylon, Burma, 
the Malay Archipelago, and the Philippines. That 
this fish can travel long distances 
on land, where it drags itself along 
by hitching its pectoral fins round 
the stems of grass and other herbage, 
is perfectly well ascertained, but the 
statement that it climbs trees lacks 
confirmation. When breathing on 
land by means of the accessory 
respiratory organ, air is taken into 
the mouth, passing out again in the 
same way. 
PARADISE-FISH 
Ti Oriental region is the home 
—= of another allied genus of fishes 
(Polyacanthus), represented by several 
species, and differing from the climbing-perch by the 
absence of teeth on the palate, and the smooth margins 
of the preorbital and opercular bones; the mouth 
being small and slightly protractile. The spinous 
part of the single dorsal fin is such longer than the soft 
portion, the anal being similar; the pelvic fins have 
one spine and five soft rays, some of which are usually 
elongated; and the caudal is rounded or pointed. 
The lateral line, which is never complete, may be 
wanting. These fishes inhabit fresh waters and es- 
tuaries along the coast of South-Eastern Asia, but 
are seldom found any great distance inland. 

The pretty and brightly coloured paradise-fish 
(P. opercularis) is an inhabitant of China and Cochin- 
China, and was long regarded as the representative 
of a distinct genus. It is, however, now known to be 
merely a domesticated variety of a species of Poly- 
acanthus, although we are not aware that the normal 
form has hitherto been discovered. Throughout China 
this fish is kept in confinement; and is even more 


suited to captivity than the gold-fish, as it will breed 
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CLIMBING-PERCH 


in very small vessels. It is even stated to live in water 
strongly impregnated with acid, and its tenacity of 
life is very great. When kept in dark or muddy 
waters the colour is generally a dull uniform brown ; 
and it is only when living in clear water, exposed to 
the sunlight, that the golden hue and red transverse 
bands make their appearance, these showing at an 
earlier period in the males than in the females. The 
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male constructs a fairy-like floating nest by cementing 
air-bubbles together with a sticky material secreted by 
the lining of the mouth. He guards eggs and young 
with zealous care. 

THE GURAMI 

On account of the excellent quality and taste of 
its flesh, mention must be made here of the gurami 
(Osphromenus olfax) as a well-known represent- 
ative of a third genus belonging to this family. 
Agreeing with the members of the preceding 
genus in the absence of teeth on the palate, the 
smooth border to the preorbital and opercular, 
and the structure of the pelvic fins, these fishes 
differ by the smaller number of spines in the 
dorsal or anal fins, which are either fewer than 
the soft rays, or but very slightly exceed them. 
The body is moderately elevated and compressed ; 
the small and oblique mouth is capable of a 
considerable degree of protrusion; and the 

first ray of the pelvic fins is elongated into 
a slender filament, the remainder being gen- 
erally rudimentary. When present, the lat- 
eral line is continuous, and there is always . 
a swim-bladder. 

Distributed over the rivers of South-Eastern 
Asia, these fishes are represented in India only 
by asmall species (O. nobilis), of some 4 inches in length, 
inhabiting North-Eastern Bengal and Assam. The 
gurami, which isa native of the rivers of China and the 
Malayan Archipelago, has, however, been introduced into 
several parts of India, and has also been naturalised in 
Mauritius, Cayenne, and Australia. It is easily 
recognised by its large size, great convexity of the pro- 
file of the under surface, and greenish brown colour, 
marked in the immature condition by four or five dark 
vertical bands. It attains a weight of fully 20 pounds, 
and, when kept in clean water, is stated to be the best 
flavoured water-fish in South-Eastern Asia. As it is 
extremely tenacious of life, and almost carnivorous, 
it is in every way admirably adapted for transportation 
and acclimatisation. 


THE FIGHTING-FISH 


A fourth genus (Betta), distinguished by the short 
dorsal fin occupying the middle of the back, and 
without any pungent spine, the long anal, and the 
production of the outer ray of the five-rayed pelvic 
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fins, must also be mentioned on account of its con- 
taining the so-called fighting-fish (B. pugnax), which 
is bred by the Siamese for the sake of the sport 
afforded by its pugnacity. 


POMACENTRUS 


In almost all the families of spine-finned fishes 
hitherto described the lower pharyngeal bones are 


distinct, but in the four remaining families these are 
united. It has been considered that this difference 


_ was of sufficient importance to justify the reference 


of the families with united pharyngeals to a subordinal 
group of equal rank with one containing those in which 


PARADISE-FISH 


these bones remain distinct ; but we prefer to follow 
Day in regarding the group now to be considered merely 
as a section of the suborder which includes all the other 
spine-finned fishes. That this is the correct view is 
proved by the circumstance that in one aberrant genus 
of perches (Gerris) some of the species have the lower 
pharyngeal bones separate, while in others they are 
united. In the three families (Pomacentride, Labride, 
Cichlide) constituting the present group there is a 
single dorsal fin, in which the number of spines and soft 
rays is nearly equal; while the anal is usually similar 
in character to the soft dorsal ; and the pelvic fins are 
thoracic, and include one spine and five soft rays. 

The first of the families of the present section takes 
its name from the genus Pomacentrus, which, together 
with the allied genera, includes tropical fishes mainly 
frequenting the neighbourhood of coral reefs and 
islands, and thus closely resembling the scaly-finned 
fishes ; a few species of the family range, however, into 
temperate seas. As an example of the typical genus, 
we figure P. scolopsis, from the Malayan seas and 
Polynesia. AS) va family, these) atishes sare 
“ specially characterised by the presence of false 
gills and ctenoid scales. The body is more or less 
short and compressed; there are weak teeth on 
the jaws but none on the palate, and there is a 
swim-bladder. 

The family is rep:esented by eight genera and 
considerably over a hundred species; and. the 
genera may be divided into groups, according as 
to whether all or some of the opercular bones 
are serrated at the edges or are all simple; 
Pomacenivus belonging to the intermediate 
group, in which the preopercular is serrated, 
while the edges of the other bones of the 
gill-cover are entire. Pomacentrus is the 
largest genus of the family, its represent- 
atives ranging over the tropical seas of both 
hemispheres. 

Curiously enough, not only do these fishes 
resemble the scaly-finned fishes in their mode 
of life, but they are very similarly coloured, so 
much so, indeed, that in some instances actually the 
same pattern of coloration is common to members 
of the two families. This, as remarked by Dr. Gunther, 
is one of many instances showing that the coloration 
of animals depends to a great extent on their mcde of 
life and natural surroundings. All these fishes are 
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al 


SILVER-DOTTED POMACENTRUS 


carnivorous, subsisting on various small marine 
animals, those furnished with compressed teeth prob- 
ably browsing on the coral-polyps. 


W RASSES 


Distinguished from the preceding family by their 
cycloid scales, the wrasses form an extensive group 
(Labride), many of the members of which may be 
easily recognised by their greatly thickened lips, 
sometimes provided with an internal fold. False gills 
are present, and the true gills three and a half in 
number on each side. The body is oblong or elongate, 
and while teeth are present in the jaws, they are absent 
on the palate. In the single dorsal fin the number of 
spines is usually equal to that of the rays; the anal is 
similar to the soft dorsal, and a swim-bladder is present. 

Littoral in their habits, the great majority of the 
wrasses are found in tropical and temperate seas, none 
being polar. Rocks and coral-reefs are their favourite 
haunts, most of them feeding chtefly on molluscs and 
crustaceans, for crushing the shells of which their teeth 
are specially adapted. In many kinds there is an 
additional pointed curved tooth at each angle of the 
upper jaw, used for holding a shell against the front 
and side teeth, by which it is crushed. 

The majority of the wrasses are beautifully coloured, 
decorated not only with transient iridescent hues on 
the scales, but also with permanent colours formed by 
pigment. Some species grow to a large size (upwards 
of 50 pounds) ; and it is these larger species which are 
most esteemed as food-fishes the flesh of the smaller 
kinds being inferior. 


TRUE WRASSES 

The numerous genera of wrasses are arranged in 
groups according to the structure of the front teeth. 
In the genus Labrus, of which the striped, or red, 
wrasse (L. mixtus) may be taken as a well- 
known British example, the body is com- | 
pressed and oblong in form, with the | 
moderate-sized scales arranged in over forty 
transverse rows; the snout is more or less 
sharply pointed ; the cheeks and opercular 
bones are covered with imbricating scales, 
which are, however, wanting or but few in 
number on the interopercular; and the 
conical teeth are arranged in a single row. 
The spines of the dorsal fin are numerous 
(13 to 21), and all of approximately equal 
height ; there are three spines in the anal 
fin: and the lateral line is continuous. In 
the young, the edge of the preopercular bone 
is serrated. ‘ 

These wrasses are chiefly characteristic of 


the Mediterranean area, gradually diminishing in the 
more northern seas of Europe, and being quite unknown 
in those of India. The striped wrasse exhibits a re- 
markable sexual variation of colour; the males usually 
having the body marked with blue streaks or a blackish 
band, while in the females the back of the tail shows 
two or three blackish blotches. The other British 
species is the Ballan wrasse (L. maculatus), in which 
the general colour is bluish green, the scales being 
margined with reddish orange, and the fin-rays also of 


THe SIACceL cue, 
The gold sinny (Crenilabyus melops) is a British 
species, distinguished by the serrated edge of the 


preopercular. Another well-known form is the black- 
fish (Tautoga onitis), of the Atlantic coast of North 
America, so named on account of its blackish brown 
colour, and the sole representative of a genus character- 
ised by the naked opercular, the rudimentary scales on 
the cheek, and the double row of teeth in the j jaws. The 
true wrasses make seaweed nests in rock crevices, both 
parents taking part 4g the building operations. The 
eggs are not ‘deposited in a special cavity, but are 
scattered among the pieces of weed. 


PARROT-WRASSES 
The parrot-wrasses are inhabitants of the tropical 


Atlantic, except a Mediterranean species (Scarus 
cvetensts), which was held in high estimation among the 
ancients. These fishes are easily recognised by their 


sharp beak, formed by fusion of the teeth ; and also 
by the projecting lower jaw. The splendidly- coloured 
Mediterranean species feeds on seaweed; and the 
mastication required to reduce this to a pulp probably 
gave rise to the old idea that it was a ruminant. 


VIVIPAROUS WRASSES 


The members of the small family Embiotocide may be 
termed viviparous wrasses, on account of their peculiar 
reproductive arrangements. Agreeing with the wrasses 
in the presence of false gills and the cycloid scales, they 
differ in having four gills, and the anal fin furnished 
with three spines and numerous soft rays. The com- 
pressed body is elevated or oblong, and the lateral line 
continuous. The single dorsal fin has a spinous portion 
in front, and a scaly sheath along the base, separated 
by a groove from the body- scales. Small teeth are 
present in the jaws, but the palate i is toothless. Gener- 
ally not exceeding a pound in weight, these fishes are 
confined to the temperate North Pacific, much more 
numerous on the American than on the Asiatic side. 


They are commonly known as “ surf-fishes,’’ living 
as they do in the rough water close to the shore. While 


the majority belong to the genus Ditrema (D. argenteum, 
is figured), one species constitutes the genus Heterocar- 
pus, distinguished by the number of dorsal spines being 
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from sixteen to eighteen, instead ot only from seven to 
eleven. All these fish produce living young. 


CICHLIDS 


Although some members of the preceding family 
sometimes enter rivers, the cichlids (Cichlide) differ 
from all the other fish with united lower pharyngeals in 
being exclusively fresh and brackish forms. Their 
distribution is somewhat peculiar, and very similar 
to that of the lung-fishes (exclusive of the Australian 
form). Thus they are found in Tropical America and 
Africa, together with Madagascar, Syria, and Palestine, 
one outlying genus occurring in India. They are 
particularly abundant in Lake Tanganyika. 

All the genera from the New World are distinct from 
those of the Old World. Mostly of comparatively small 
size, although one species of the type genus from the 
Nile grows to a length of about twenty inches, the 
cichlids may be distinguished from all the other three 
families of the present group by the absence of false 
gills. The body is somewhat variable in form, and 
generally covered with ctenoid scales, although in 
some cases these may be cycloid ; and the lateral line 
is more or less interrupted. In the single dorsal fin the 
spinous portion usually exceeds the soft in extent ; 
the anal fin having three or more spines, and its rayed 
portion being similar to the soft dorsal. The jaws are 
provided with small teeth, but the palate is smooth ; 
and the number of gills is four. In some species the 
teeth are lobate and the in- 
testines complicated by 
many foldings, these types 
being vegetable-feeders while 
all the remainder are carni- 
vorous. 

The “‘bultis’’ are remark- 
able for the care which they 
bestow on their eggs and 
young. Most fishes lay eggs, 
which are shed at random, 
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niloticus), which is one of the largest members of the 
family ; while Tristram’s cichlid (C. tvistvamz), here 
figured, is from salt and other lakes in the Sahara and 
Ashanti. Asa genus, Chvomis is distinguished by its 
lobate teeth, a three-spined analfin, and a scaly gill-cover, 
and it therefore belongs to the vegetable-feeding group. 


MAILED ‘TUBE-MOUTHS 


The two small subordinal groups (Lophobranchii and 
Plectognathi) now to be noticed are often placed after 
the soft-finned fishes, but 
from their anatomy it appears 
more probable that they are 
highly specialised ispine- 
finned types. , 

A few small fishes from the 
Indian Ocean (Solenostoma) 
are the sole ‘representatives 
of the first family, Solenosto- 
matide@, of the suborder 
Lophobranchii, the distinct- 


either floating on the surface 
of the water or sinking to 
the bottom, a system which : 
of course entails’ a terrific waste, which Nature has 
provided for by endowing the fish which behave thus 
with a marvellous fecundity. By making proper pro- 
vision for their progeny the ‘‘ bultis ” have been able 
to greatly reduce the number of eggs which are usually 
laid. The male fish constructs a simple basin-shaped 
nest in the sand among reeds or tamarisk-bushes near 
the shore. On the bottom of this excavation the female 
deposits her eggs, which she afterwards takes into her 
mouth, retaining them there until the young fish have 
completely developed, and can take care of themselves. 

Among the best-known representatives of the typical 
genus Chyomis is the so-called bulti of the Nile (C. 
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BLUE-FINNED TUBE-MOUTH 


ive’ features of that sub- 
ordinal group being as follows. 
The body is invested in a 
segmented bony dermal skeleton, and the bones of 
the gill-cover are reduced to a single plate. The gill- 
openings are small, and the gills themselves consist of 
small, rounded tufts springing from the gill-arches, 
whilethe muscularsystem is feeble. The simple swim- 
bladder, when present, has no duct, and the prolonged 
snout terminates in a small! toothless mouth. 

In the mailed tube-mouth the gill-openings are wide, 
the rays of the first of the two dorsal fins are not 
articulated, and the whole of the other fins are well 
developed. The name has reference to the great 
elongation of the tube-like snout, the compressed body 
having a very short tail, and, like the head, being 
covered with a thin skin, beneath which are the large 
bony plates, marked with a radiate pattern. The soft 
dorsal and anal fins arise from boss-like elevations of 
the hinder part of the body, the pelvic fins, which are 
placed close together in the same vertical line as the 
tall first dorsal, and have seven rays, are separate from 
one another in the males, but in the opposite sex have 
their inner edges joined to the skin of the chest so as 
to form a brood-pouch. The swim-bladder is wanting. 

A female of the blue-finned species (S. cyanopterun) 
is figured, the range of this form extending from the 
coast of Zanzibar to China and Ceram. The female 
takes the whole charge, not only of the exceedingly 
minute eggs, but of the newly-hatched fry. Like the 
members of the next family, these fishes generally swim 
in amore or less nearly vertical position, the dorsal fin 
being the chief propeller. 
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HARMSWORTH NATURAL HISTORY 


PIPE-FISHES AND SEA-HORSES 


From the members of the preceding family the pipe- 
ashes (Syngnathide) may be distinguished by the reduc- 
tion of the gill-opening to a very small aperture at the 
upper angle of the gill-cover, as well as by the single 
soft dorsal fin, and the absence of the pelvic fins ; 
some of the other fins being likewise wanting in certain 
genera. Mainly marine, although frequently entering 
brackish, and more rarely fresh waters, these strange 
fishes are to be found on the coasts of tropical and 
temperate seas in such situations as, from the abund- 
ance of seaweed, offer them sufficient shelter. They are 
poor swimmers, and if carried away from protective 
covert may be borne helplessly out to the open ocean 
by the action of currents. 
males take charge of the eggs and young, being often 
provided with a pouch formed by a fold of skin arising 
from each side of the body and tail, and joined 
together in the middle line. 

Including several genera, the pipe-fishes are char- 
acterised by the absence of 


= 


Unlike the tube-mouths, the ° 


After the first transference all the eggs of this batch 
are in the upper part of the pouch, where no more 
can be received until these are shaken down into the 
lower end. In some genera (Nevophis, Dorytchthys, 
and Gastrotoceus) the male is devoid of a pouch, and the 
eggs are pushed into the soft skin lining a broad groove 
in the under side of his abdomen. 

The prehensile structure of the tail is the chief 
difference between sea-horses and pipe-fish, although 
in all the existing representatives of the former group 
there is no caudal fin. The sea-horses are divided into 
several genera, of which the typical one is best known 
by the short-snouted sea-horse (Hippocampus brevi- 
vostvis), ranging from the Atlantic and Mediterranean 
to Australia, and occasionally found in the British 
seas. The body is more or less compressed and deep, 
with its investing bony shields raised into tubercles or 
spines of variable length, while the back of the head is 
compressed into a crest, terminating in a well-marked 
knob. Small pectoral fins are present, and the males 
have a brood-pouch heneath the tail, with its aperture 

. near the vent. 


prehensile power in the tail, 


Sea-horses are repre- 


which generally terminates 
in a fin. In the typical 
genus Syngnathus, as re- 
presented by the great 
pipe-fish (S. acus), the 
body is marked with more 
or less distinct longitudinal 
ridges, among which the 
one down the back is not 
continuous with that on 
the tail. The pectorals are 
well developed, the caudal 
present, and the dorsal fin 
placed nearly or exactly 


abovethe vent. The great 
pipe-fish is a common 
Atlantic species, and 


grows toa foot and a half. 

As an example of a 
second genus, we may 
mention the deep-nosed 
pipe-fish (Szphonostoma typhle) of the British seas, 
distinguished by the upper ridge on the tail being 
continuous with the lateral line, but not with the 
dorsal ridge. An Australian species (S. intestinalis) 
lives inside sea-cucumbers (holothurians), as do species 
of Doryichthys. The slender straight-nosed pipe-fish 
(Nerophis ophidiwm), which may not infrequently be 
seen served up among a dish of whitebait, is a British 
example of a fourth genus, in which the body is rounded 
and nearly smooth, and the caudal fin either rudimen- 
tary or wanting. All the pipe-fishes are carnivorous 
in their diet; they swimabout slowly in a very peculiar 
manner, more generally vertically or in an inclined 
position than horizontally, contorting their bodies into 
every conceivable kind of posture, and poking their 
long snouts inquisitively into bunches of seaweed in 
their search for food. 

It has long been known that the males’of the strange- 
looking pipe-fishes take charge of the eggs as soon as 
they leave the bodies of the female parents, and nurse 
them in a special pouch on the under side of their own 
bodies; but it appears to have been reserved for an 
American naturalist to observe the actual manner in 
which the transfer of the eggs takes place. From his 
account, it seems that the male and female fishes 
entwine their bodies in the form of a double letter 5S, 
and that in this position the eggs are passed from the 
mother to the pouch of the male. As might have been 
expected, all the eggs are not transferred at once. 


sented by about a score of 
species. A remarkable 
instance of protective re- 
semblance to their natural 
surroundings is afforded 
by the three representa- 
tives of an Australian 
genus, as in Phyllopteryx 
eques, Shown in the accom- 
panying illustration. The 
body may be either com- 
pressed or as broad as 
deep ; some or all of its 
smooth bony plates being 
furnished with long spine- 
like processes projecting 
from its edges, and many 
of these terminating in 
irregular leaf-like append- 
ages.. There are a pair of 
spines on the snout, and 
pectoral fins are present, and 
In the 


others above the eye ; 
the tail is about equal in length to the body. 
absence of a pouch, the eggs are imbedded in soft 
membranous skin lining a groove on the under surface 


of the tail. These sea-horses closely resemble the 
colour of the seaweeds to which they attach themselves, 
while the filamentous appendages of their spines appeat 
as if they were actually a part of the vegetable growth. 
They are of relatively large size, attaining a length of 
as much as a foot. 


FILE-FISHES AND COFFER-FISHES 


With file-fishes and their allies (Balistide), we come to 
the first of the two families constituting the suborder 
Plectognathi, of which the following are the distinctive 
characters. The bones are completely ossified only in 
the head, the number of vertebre being few. The 
small gill-openings are situated in front of the pectoral 
fins, and the gills themselves are pectinate; the 
mouth being narrow, with some of the bones of the 
upper jaw united, and in certain cases both jaws 
prolonged to form a beak. There is generally a single 
soft-rayed dorsal fin, placed far back immediately above 
the anal, and there may be remnants of a spinous dorsal, 
while the pelvic fins, when retained at all, take the form 
of simple spines. The skin may be-either entirely 
naked, covered with rough scales, invested in plates, 
or studded with bony spines. The swim-bladder has 
no duct. 
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f small pelagic animals, especially crustaceans, while they themselves fall a prey to the dise-shaped jelly-fishes anc 


Ctenophores feed upon all kinds of 


sea-anemones. The largest specimens are, as a rule, found in waters sheltered from the wind.’ 


VENUS FLOWER-BASK SEMPERELLA ; 
POLYLOPHUS ; 6, SCLEROTHAM 


PERIPHRAGELLA 


“ Glass-sponges, with one or two exceptions, have been obtained in deep water from ninety to 
deep-sea dredging expeditions specimens had been found in only a few localities 


two thousand nine hundred fathoms. Previous to the 


HARMSWORTH NATURAL HISTORY 


THE WHITING 

By far the most delicately flavoured British repre- 
sentative of the genus is the whiting (G. mevlangus), 
which differs from all the preceding species in the 
absence of a barbel on the chin, and is specially dis- 
tinguished by a black spot near the root of each pectoral 
fin. The usual weight is about 1} pounds; 4 pounds 
being nearly the maximum attained. The distributional 
area of the whiting is restricted to the seas of Northern 
Europe, where it is found in vast shoals. Very shy 
in its habits, the whiting is a voracious fish, Yarrell 
stating that several sprats have been taken from the 
stomach of one, while in another of 4 pounds weigss+ were 
found four full-grown pilchards. The same _ writer 
states that it appears to prefer sandy banks, but 
frequently shifts its ground in pursuit of the fry of 
various Other fishes on which it chiefly feeds. 


THE POUT 

Another species with a black spot near the pectoral 
fin is the pout, or whiting-pout (G. /uscus), which may 
be at once distinguished from the whiting by the barbel 
on the chin, and the greater depth of the body, which 
during life is marked with dark crossbands. Seldom 
exceeding 5 pounds in weight, this fish ranges from Scan- 
dinavia to the Mediterranean, but does not cross the 
Atlantic. The name of pout is derived from the power 
possessed by this fish of inflating the membranes 
covering the eyes and 


adjacent regions into — 
a bladder-like form. 
THE POWER-COD = 


Nearly allied is the: 
much smaller power- = 
cod (G. minutus), which © 
seldom exceeds half a : 
dozen inches in length, 
and may be further 
distinguished by the 
smaller proportionate ~== 
depth of the body. 
Found in vast shoals in 
the Baltic, the power- 
cod, although of little or no value, is always welcomed 
as the harbinger of the advent of its larger cousins. 

THE POLLACK 

The pollack, or whiting-pollack (G. pollachius), is 
a British representative of the group in which the 
lower jaw is the longer, and all the upper teeth are of 
equal size; it has a dark spot near the pectoral fin, 
but no barbel. This fish is an inhabitant of European 
seas as far as the western portions of the Mediterranean. 
Haunting rocky ground, pollack are famous for their 
power of withstanding strong tides and currents ; 
they are very common in many parts of the south cgast 
of England, as Devonshire, but become scarcer to 
the north. Being free biters, they afford good sport 
with the line. 


THE 


be 


THE COAL-FISH 

The coal-fish (G. vivens) is a closely allied but some- 
what larger form, more northern in its distribution, 
and taking its name from the black colour it frequently 
assumes. This fish is very common in the Baltic and 
other northern seas, numbers being captured in the 
Orkneys. The largest specimen on record measured 
iust over 3} feet in length, and scaled 25 pounds. 


HAKES 


The hake (Merluccius vulgaris) is the British repre- 
sentative of a genus belonging to a large group, 
characterised by having two dorsals, a single anal, 


BURBOT OR 


and a separate caudal fin. As a genus, the hakes are 
distinguished by the strong development of the pelvic 
fins, which are broad at the base, as well as by the 
presence of strong teeth on the jaws and vomer, and the 
absence of a barbel. The common hake is found on 
both sides of the North Atlantic and other European 
seas; and is represented in the colder seas of South 
America, aswell as in those of New Zealand, by the 
allied M. gayi. In size the common hake is a rather 
large fish, reaching 2 or even 3 feet in length. On the 
Cornish coasts, which they frequent in numbers in 
pursuit of the shoals of pilchards, hakes have been taken 
in vast quantities. Although the flesh is coarse and of 
inferior flavour, large numbers of hakes are dried and 
salted. 


THE BURBOT 


As an example of a fresh-water representative of the 
cod family, we may refer to the well-known burbot, 
or eel-pout (Lota vulgaris), the sole member of its 
genus. It is common in the rivers of Central and 
Northern Europe and North America. Belonging to 
the group with two d@rsals, one anal, and a distinct 
caudal, the genus Lota has the first dorsal fin well 
developed, with from ten to thirteen rays, the pelvics 
with several rays, the head flattened, the body much 
elongated, and villiform teeth in the jaws and on the 


vomer. The chin is furnished with a barbel. In 
length the burbot 


exceeds a yard, and its 
flesh ranks high among 
fresh-water fish. 

In Britain found only 
in the east of England, 
where it is not un- 
common in the Cam and 
Ouse, the burbot is 
widely distributed on 
the Continent, frequent- 
ing alike large rivers, 
small streams, lakes, 
and pools. It prefers, 
however, deep to 
shallow water, being 
found in large lakes at a depth of from thirty to 
forty fathoms ; its colour being then paler than is the 
case with specimens from shallower water. Its food 
consists of the fry of other fishes, or theadults of 
the smaller kinds ; and it is stated to be particularly 
destructive to the perch. In the spawning-season, 
which varies considerably according to localities, 
burbot are in the habit of congregating in large 
numbers ; and in some of the German rivers masses 
of these fishes, including as many as a hundred 
individuals, may be found knotted together after the 
fashion of eels. While some burbot spawn in Novembe1 
and December, in others the function is delayed till 
March; and it is during the spawning-season that 
the fish is in the best condition for the table. The 
burbot is a dangerous article of food, unless well- 
cooked, for its flesh is often infected with the bladder- 
worm stage of a tapeworm that attains to full 
maturity in the human intestine. 


LING 

Distinguisned from the burbot by the presence of 
several enlarged teeth in the lower jaw and on the vomer, 
the ling (Molva vulgaris) may be regarded merely as a 
marine representative of that genus. The common 
ling, which generally measures from 2 to 3 feet in length, 
is a northern form, ranging from the coasts of Greenland 
and Iceland to those of Britain and other parts of 
Northern Europe. In this fish the upper jaw is the 


EEL-POUT 
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SAND-EELS 


longer, but the reverse condition obtains in a second 
Scandinavian species, and also in a third from the 
Mediterranean, which are the only other representatives 
ofthe genus. The ling-fishery is an important industry, 
large quantities of these fish being cured and dried. 


ROCKLINGS 


Belonging to the same group of the family as the ling, 
the rocklings (Mofella) are readily distinguished by the 
reduction of the first of the two dorsal fins to a narrow- 
rayed fringe, with the first ray elongated, more or less 
completely received in a longitudinal groove. There 
is a band of teeth in the jaws, and another on the vomer, 
and all the species have barbels, not only on the chin, 
but likewise on the snout, the number of these 
appendages affording the readiest means of specific 
discrimination. They are all of small size, and while 
ranging over the same seas as the ling, likewise extend 
to those of Japan, the Cape, and New Zealand. 

_ The British representatives of the genus include 
the five-bearded rockling (JM. mustela), with four 


upper barbels, the four-bearded rockling (M. cimbria), 
and the common three-bearded rockling (M. tricivrhata) ; 
the little fish commonly known as the mackerel-midge, 
the representative of a 


and formerly regarded as 
distinct genus, being only 
the young of the rocklings. 


SAND-EELS AND 
THEIR ALLIES 


In this rather small family 
(Ophidiide), almost all the 
members of which are 
marine, the pelvic fins, 
if developed at all, are 
rudimentary ; there is no 
separate anterior dorsal or 
anterior anal, and the caudal 
is generally confluent with 
the median fins».In form 
the body is more or less 
elongate, but it may be 
either naked orscaled. — av 
dorsal fim occupies the 
greater portion of the back; ; < 
the rudimentary pelvics are jugular in position; the 
gill-openings are wide; and the gill-membranes are 
not attached to the isthmus. While some species 
are deep-sea forms, others are littoral. There are 
five subfamilies. 

CAVE-FISH 


The most remarkable representatives of the first sub- 
family (in which pelvic fins, attached to the pectoral 
girdle, are always present) are two small fishes from the 
subterranean fresh waters of certain caves in Cuba 
constituting the genus Lucifuga. They are totally 
blind, with the ¢yes rudimentary and covered -with 
skin, or wanting, and always live in perpetual darkness 
These cave-fish are closely allied to certain small fishes 
from the Tropical Atlantic and Indian Oceans forming 
the genus Byotwla, and characterised by the elongate 
body being covered with minute scales, the moderate- 
sized eyes, the reduction of each péiv.* fin to a single 
filament, the villiform teeth, and the presence of 
barbels on the snout, these barbels being reduced in the 
cave-fish té small tubercles. With the exception of 
these cave-fish, all the members of this family are 
marine forms; and it is very curious that among the 
latter there are two very rare species, respectively 
constituting the genera Typhlonus and Aphyonus, 
found at great depths in the southern oceans, which 


(pronged rake ; their chief use being for bait. 


are also completely blind, and apparently unprovided 
with any phosphorescent organs. 


SNAKE-FISHES 


The typical genus Ophidium, constituting, with an 
allied form, the second subfamily, has the pelvic fins 
replaced by a pair of barbel-like filaments; the 
elongated and compressed body being covered with very 
minute scales, while the eyes are medium, and the teeth 
small. The few species of this genus range over the 
Atlantic and Pacific. In the South American, South 
African, and Australasian seas there occur three much 
larger but nearly allied fishes, which have been referred 
to a second genus (Genypterus), on account of the outer 
row of teeth in the jaws, as well as those of the single 
palatine series, containing some enlarged tusks. These 
fish are of considerable commercial importance, and 
are known at the Cape as klipvisch, and in New Zealand 
as Cloudy Bay cod, or ling. 


PARASITIC FISH 


Some half-score species of very small eel-like fishes, 
scientifically known as Fuevasfer and Encheliophis, and 
inhabiting the Mediterranean, Atlantic, and Indo- 
Pacific, have an especial interest on account of their 
curious mode of life. They 
constitute a subfamily, 
readily characterised by the 
total absence of pelvic fins 
and by the vent being 
situated at the throat ; and 
are commensal in other 
marine animals, frequenting 
the hollows in the bodies 
of jelly-fish, the breathing 
chambers of star-fishes and 
sea-cucumbers, and some- 
times insinuating them- 
selves between the layers 
of the mantle of pearl- 
mussels or other bivalve 
molluscs. Occasionally they 
may become imbedded in 
the substance of the shell 
of the pearl-mussel by the 
deposition of pearly matter 
over their bodies ; an instance of this peculiar mode 
of preservation being shown in the accompanying 
illustration. : 

SAND-EELS | 

The third subfamily is represented by the well- 
known sand-eels, or launces—of which a British species, 
the lesser sand-eel, or launce (Ammodytes tobianus), is 
figured on the next page—so abundant on sandy 
shores in Europe and North America, as well as by an 
allied genus from Madras. While agreeing with the 
preceding group in the want of pelvic fins, they differ 
in having the vent situated far back in the body—-asd 
are further characterised by the great width of the 
gill-openings, the gill-membranes of opposite sides 
not being united. The lower jaw exceeds the upper in 
length, the dorsal fin occupies nearly the whole length 
of the back, and the anal is likewise elongated. The 
figured species, which is by far the. commoner on the 
British coasts, generaily measures frony sto 7 incliesin 
length, whereas the greater sand-eel, or launce (A. 
lanceolatus), may grow to a foot and a half. 

Sand-eels feed on marine worms and very small 
fish ; and when buried in the sand are captured in some 
parts of England by raking the sand with a long- 
eLneyaaney 
however, by no means restricted to this kind of life. 
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SUBCLASS 


IV. DIPNOI 


LUNG-FISHES 


TH lung-fishes constitute a group of which the few 
existing members are so specialised that by some 
authorities they are placed in a class of their own. 

The paired fins are lobate—that is, they possess a thick 
central part supported by a firm axis, and the tail fin 
is either unsymmetrical (heterocercal) or symmetrical 
both externally and internally 
(protocercal). In the latter case 
we probably have to do with a 
character which is not primitive, 
but due to secondary modifica- Mi 
tions. The scales are cycloid. SR 
The upper jaw is firmly united 
to the cranium proper, so that 
there is no separate structure for the suspension of 
the lower jaw. To this type the name of solid-skulled 
(technically, autostylic) fishes may be applied. In 
the lung-fishes the skeleton is partially ossified, with 
well-developed membrane-bones; the gill-clefts are 
but slightly separated, and open into a single cavity, 
protected by an external cover; and the external 
skeleton consists of true bony tissue. There are large 
crushing dental plates on the palates and lower jaw. 

In the existing members of the group the optic 
nerves (or those proceeding from the brain to the eyes) 
simply cross one another, without any interlacing of the 
constituent fibres ; the intestine has a spiral valve ; the 
swim-bladder is elongated, and performs the functions 
of alung ; and the nostrils open behind by two apertures 
into the cavity of the mouth, after the manner of the 
higher vertebrates. 

The fishes of this class formed a cosmopolitan marine 
group during an early part of geological time (newer 
Paleozoic), but since then have rapidly declined, and 
are now represented by a very small number of fresh- 
water species in Africa, South America, and Australia. 


ORDERS 1. 


"THE first order (Sirenoidei) includes all fishes that 
unquestionably belong to fhe Dipnoi. 

The family Ctenodontidg includes the large majority 
of the extinct Paleozoic forms, in which the dental 
plates present a radiating set of ridges studded with 
conical projections, these being the tips of numerous 
teeth which have fused together. A fanciful resem- 
blance to the teeth of a comb eames 
gives the name to the family. Goa 
The oldest and most familiar form rs 
is Dipterus, from the Old Red i 
Sandstone of Scotland. This QA 
was covered with rounded, over- | 5 
lapping scales, the paired fins ¢ 
were acutely lobate, and the tail EN a 
heterocercal. ‘ 

The family Uvonemide in- 
cludes a few Carboniferous and Permian fishes, with 
tapering protocercal tail. Uyvonemus, from the Lower 
Carboniferous of Scotland, gives the name to the group. 


ANTLER-TOOTHED DIPNO@# 

In the famils .CexveteTiviatim-the body is: elongated 
~~ -surnewhat fattened from -side side. It 
covered by large, overlapping cycloid scales. ‘ 
paired fins are large paddles. The swim-bladder 
undivided and serves as a lung. 

For a great number of years there were known from 
-the Triassic strata of various parts of Europe dental 
plates of the remarkable type of the specimen repre- 
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This is one of the best instances known of “‘ discontinuous 
distribution,” where related forms exist at widely 
separated points. In this case the explanation is not 
difficult. The original marine Dipnoi were hard 
pressed by competition with more specialised fishes 
and other sea-animals, and only those which took 
refuge in the fresh waters of the 
land have survived to the present 
day. It is these which, having 
become adapted to breathing 
atmospheric air by means of a sort 
of lung as well as air dissolved in 
water by means of gills, inordinary 
fish fashion, that have earned the 
name of ‘ Dipnoi’’—double-breathers—for the sub- 
class. The extinct marine forms, no doubt, breathed by 
means of gills alone, and the title given to the subclass is 


therefore somewhat misl@ading. It is divided as follows: 
ORDER 1 
Sirenoidei 
FAMILY 1 
Comb-toothed Dipnoi—Ctenodontide (extinct) 
FAMILY 2 


OF DIPTERUS 


Thread-tailed Dipnoi Uronemide (extinct) 
FAMILY 3 


Antler-toothed Dipnoi—Ceratodontide 

GENUS 

Neoceratodus 
SPECIES 

Australian lung-fish ........................Neoceratodus forsteri 
FAMILY 4 
Eel-like Dipnoi—Lepidosirenide 

GENUS 1 

Protopterus 
SPECIES 


African mud-fish Protopterus annectans 


GENUS 2 
Lepidosiren 
SPECIES 
Cormier Ae victave cin ere oO Lepidosiren paradoxa 
ORDER 2 
Arthrodira (extinct) 


These groups will now be successively considered. 


SIRENOIDEI 


sented in the accompanying figure; and from the 
fancied resemblance to a deer’s antler, presented by 
these teeth, the name of Ceratodus was suggested for 
the otherwise unknown fishes to which they pertained. 
Similar teeth were subsequently obtained from Second- 
ary rocks in India and also in South Africa, but it was 
not until the year 1870 that a fish was discovered in 
== Queensland having teeth of a 
similar type. 
| AUSTRALIAN LUNG-FISH 
| Known to the natives, in com- 
| mon with other large fresh-water 
_ species, by the name of barra- 
/ mundi, the Australian lung-fish 


South American mud-fish 


UPPER PALATAL TEETH OF CERATODUS (Neoceratodus forsteri) agrees very 


closely with the extinct forms. Its 

mouth is furnished in front with a pair of chisel-like 
teeth situated on the vomers, behind which come 
a_nair of palatal teeth carrying six complete ridges, 
ana a. ““sumiplete Seventh; while there are a pair 
of similar teeth in the lower jaw, carrying only six 
ridges each. In the living species the teeth of 
opposite sides are separated by an interval ; but in the 
fossil forms they were in contact, and had fewer ridges. 
The existing Australian lung-fishes, of which two 
species have been described, are said to attain a weight 
of 20 1b., and a length of upwards of 6 feet. The body 
is elongated and much compressed, with very large 
scales ; the paddle-shaped limbs have very broad fringes ; 
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AFRICAN MUD-FISH 


AUSTRALIAN LUNG-FISH 


and the flesh is salmon-coloured. From the occurrence 
of masses of leaves in its stomach it is evident that the 
Australian lung-fish crops the vegetation with its great 
teeth ; but it is believed that the most important part 
of its food consists of the small creatures living on and 
between the leaves of the various water-plants. The 
female lays her rather large eggs loosely and singly 
among the vegetation, and in the embryo the fore limbs 
make their appearance in about a fortnight, but the 
hinder pair not before two and a half months. In the 
course of its development this fish presents marked 
resemblances to the amphibians, and also to the 
lampreys ; but it is noteworthy that there is no trace 
of a sucking mouth, or of external 

gills. As might have been infer- 

red from the study of allied extinct 

forms, the large palatal teeth are 

formed by the fusion of a number | 
of separate small denticles. 

According to Dr. Semon, the 
Australian lung-fish is confined 
to the middle portion of the Bur- 
nett and Mary Rivers of Queensland. Living among 
the mud and leaves at the bottom, it rises at intervals 
to the surface to obtain more complete oxygenation of 
its blood by the inhalation of atmospheric air into its 
lung-like swim-bladder, although its general breathing 
is carried on by the gills. A grunting noise some- 
times uttered by this fish is probably produced by the 
expulsion of the air from the.lungs when it rises to 
the surface. 

There can be little doubt that the swim-bladder:‘of 
fishes has been evolved as a hydrostatic organ, helping 
in the maintenance of equilibrium in the water. But 
as it is richly provided with blood-vessels it is by no 
means Surprising to find that in various cases it has 
assumed a breathing function. In the Queensland 
lung-fish we find a special reason why this should be 
the case, for during the dry season its native rivers 
are reduced to a series of water-holes, with attenuated 
bits of stream between. In these water-holes the decay 
of vegetation produces a foul condition that is fatal 
to most of the fishes present, which have only gills to 
breathe with, but the lung-fishes, being able to breathe 
atmospheric air, are by no-means incommoded. It is 
quite likely that under some such conditions the 
earliest backboned animals of the: land (the ancestors 
of amphibians) took origin. It would, however, be 
extremely rash to suppose that the lung-fishes are in 
the direct line of descent of these terrestrial forms, for 
a similar environment is known tv } 


LARVA OF 


ead CO srmrher 
adaptations in groups which are not closely related, 
a fact which is expressed by the term “ convergence of 
characters.” athe 

The breeding season is at its height in September 
and October, but lasts from April till the beginning of 
November; and the eggs, which are enveloped in a 


PROTOPTERUS 


gelatinous coat and are heavier 
than water, take some ten days 
to hatch. 


EEL-LIKE DIPNOI 


In the family Lepidosivenide 
are included the rest of the ex- 
isting lung-fishes, in which the 
body is elongated and rounded 
(an adaptation to life in mud), 
and there are little round scales 
embedded in the skin. The paired 
fins are reduced to narrow, awl- 
shaped appendages, and the swim- 
bladder is modified into a pair of 
lungs. The young form isa larva 
with suckers and external gills, something like those. 
of tadpoles. 

The family includes the African (Pyvotopterus) and 
South American (Lepidosiven) mud-fishes, the latter 
being the most specialised members of the subclass. 


AFRICAN MUD-FISH 


In the African mud-fish (Protopterus annectans), 
widely spread over the tropical regions of Africa, 
the filamentous paired fins retain a small fringe con- 
taining rays. There are six gill-arches, with five inter- 
vening-clefts, and three small, tentacle-like appendages 
above the small gill-opening on each side. A length ofas 
_ much as 6 feet may be attained. 
_ In the Gambia River, where they 
: are very abundant, these fishes 
are in the habit of burying them- 
selves during the dry season, mak- 
ing a kind of nest, in which they 
pass a period of torpidity. Here 
they may remain for a con- 
siderable period, only resuming 
their normal aquatic life with the return of the wet sea- 
sons. During the dormant period, which usually lasts 
from August to September, they are nourished by the 
absorption of the fat stored up in various parts of the 
body. They are mostactive at night, andappear to 
keep chiefly to shallow water, where they move 
deliberately about the bottom, alternately using the 
peculiar limbs of either side, though their movements 
do not seem to be guided by any strict regularity. 
The powerful tail forms a most efficient organ for 
rapid swimming 

It is well known that this fish comes to the surface 
to breathe at short intervals, and thus it is evident 
that the double swim-bladder performs an important, if 
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not the chief, part in respiration during active life. occurs not only in the Amazon and its tributaries, 
The air passes out again through the opercular aperture, | but likewise in the swamps of the Chako country, 
and the movements of the operculum itself indicate the forming the tributaries of the upper Paraguay River. 
fact that branchial as well as pulmonary respiration These fish feed chiefly on the large snails known as 
takes place. ampullaria, which are found in great masses in the 
The investigations of Budgett have revealed some Chako swamps, their shells being easily crushed by 
very interesting facts regarding the life-history. Close the powerful teeth of their devourers. 
to the edge of a swamp a hole of about a foot Our knowledge of the habits and life-history of the 
deep is excavated to serve as a nest, and within South American mud-fish are very largely due to the 
this the eggs are deposited on the mud. The male observations of Prof. Graham Kerr in the Chako 
sedulously guards these until they hatch, on about swamps. During the dry season of the year these dry 
the eighth day, up, and the result 
keeping them aer- eee vce oe Se oe Sit eet fan at Se has been to bring 
ated meanwhile by about a series of 
constantly stirring adaptations much 
up, Lhe water like those already 
with his tail. The described for the 
Lainie # ake!) “very African form. 
much like tadpoles, While there is 
as may be seen from still plenty of water 
inspection of the the fish possesses 
illustration on page an abnormal ap- 
Wye petite, the result 


being that a large 
SOUTH AMERI- pee 2 
CAN MUD-FISH amount of fat is 


stored up in the 
The mud-fish of body asa reserve of 
the Amazons (Lepi- 


nutriment for use 
dosiven pavadoxa) 1s when no other food 


the sole represent- SOUTH AMERICAN MUD-FISH is available. The 
ative of a genus in dormant stage is 
which the limbs are reduced to mere tapering filaments, passed through in a deep burrow, the mouth of which 
owing to the disappearance of the marginal fringe. The 1s closed by a plug of clay. The plug is perforated 
vomerine teeth are conical and pointed, and the palatal by several holes to secure the access of air. 


teeth have strongly marked cusps supported by ver- The eggs are laid in a long burrow at the bottom of 
tical ridges. There are five gill-arches, with fourinter- aswamp, and are guarded by the male. It is suggested 


vening clefts, but there are no external appendages that the red outgrowths on his pelvic fins at this time 
above the gill-opening. In adult males the upper serve as special gills which enable him to remain in 
surface of the hind limb is beset with crimson tufts the burrow without danger of suffocation. 

of tentacle-like papille during the breeding season. The larvae are very much like those of the African 
This mud-fish grows to a length of about 4 feet, and maud-fish. 


ORDER II. ARTHRODIRA—BERRY-BONE FISHES 


HE extraordinary Paleozoic group, of which the family Coccosterde ; and among these the typical genus 
affinities are very doubtful, typically represented is distinguished by the absence of any pectoral fin, while 
by the berry-bone fish (Coccosteus) of the Scottish Old in the allied Brachydirus this appendage is represented 


Red Sandstone, differs : . by a hollow spine. In 
from the true lung-fishes in ; Se both these the sockets of 
that in place of scales the Bip, the eyes form notches on 


fore part of the body is 
protected by large bony 
plates, of which one pair is 
articulated by a hinge to 


ge LE il * <«s°7/ the sides of the skull; 
, RRS ae “ie and the same is the case 
Z = with the gigantic Dinich- 

< thys of the North Ameri- 


the hinder part of the | can Devonian, a fish that 
skull, which is likewise-in- — partis_ RESTORATION OF THE BERRY-BONE FISH is believed to have been 
vested with bones bearing ; : at least 10 feet long, while 
a berry-like sculpture. The fore limbs were eitherrudi- its head-shield undoubtedly attained a breadth of over 
mentary or wanting ; but a pair of pelvic fins were devel- a yard. These dimensions were greatly exceeded by 


oped. Many of the forms may be included in thesingle the related form Titanichthys. 


PALAZOSPONDYLUS 


HE Old Red Sandstone of Caithness has yielded like those of lampreys. The front of the head 
the skeletons of a small, limbless, fish-like creature has a circular opening surrounded with a_ ring 
(Palgospondylus), which was at first re- | _ of tentacles, and the researches of 
garded as one of the forerunners of the | Prof. William Sollas have led to the 
modern lampreys, and has also,been “#¢ discovery of what appear to be gill- 
compared to the-tarve oi iung mShes. | arches and a lower jaw. Living 
Measuring only about a couple of as it did at a time when several 
inches in length, these skeletons Pres a eee groups of fishes were being evolved, 
show a well-calcified skull, while the PALZOSPONDYLUS this problematic little form may 
notochord is surrounded by a series stand at the “parting of the ways,” 
of calcified rings, and the tail has a large fin, of and resemble the ancestors of more than one 
which the supports on the upper side are forked subclass. 
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CLASS VI. 


CYCLOSTOMATA 


THE LAMPREY GROUP 


‘PEt within recent years both the lampreys and the 
strange little creature known as the lancelet were 
generally included among the class of fishes, which 
was also taken to comprise a number of armoured 
extinct forms, of which a brief notice is given below. 
On the other hand, the marine animals commonly 
termed sea-squirts, but technically known as ascidians 
or tunicates, together with certain worm-like creatures, 
were classed with the great assemblage of so-called 
invertebrates. 
Anatomical and paleontological investigations have, 


ORDER: I: 


AS a class, the lampreys and their near allies the hag- 
fishes are distinguished not only from the fishes, but 
likewise from all the vertebrates hitherto described, by 


. the absence of a hinged lower jaw, by the single nostril, 


and by the rasping tongue; there being no limbs 
or ribs, and a persistent notochord. In the existing 
members of the group the skeleton is cartilaginous ; the 
skull, as in the chimeroid fishes and some of the sharks, 
is immovably joined to the vertebral column; and the 
gills are in the form of fixed pouches, without gill- 
arches, and with their small external apertures usually 
opening on the sides of the neck. Anterior in position, 
and adapted for sucking, the mouth is surrounded by 
a circular or subcircular lip supported by cartilages. 
The naked body is provided with median fins, having 
cartilaginous rays like those of many fishes. Internally, 
the heart is devoid of an Peer ee ss 
arterial bulb; the intestinal 
canal is straight and simple ; 
and the reproductive organs 
discharge into the cavity ofthe — 
body. The place of teeth is 
taken in some forms by horny | 
structures, while in others the 
mouth is completely unarmed. | 


TRUE LAMPREYS 


The true lampreys, of which | 
the sea-lamprey (Petromyzon | 
marinus), viver-lampern (P. | 
fluviatilis), and the small, or fee 
Planer’s, lampern (P. planert) } 
occur in Britain, are the 
typical representatives of a 
family (Petromyzontid@) | 
characterised by the nasal 
passage terminating in a closed 
sac behind, without perfora- 
ting the palate. As in all the 


(I) SEA-LAMPREY, 


other members of the group, the naked body is ecel- 


like in form; but the family is peculiar in that its 
members undergo a metamorphosis, the young being 
devoid of teeth, and furnished with a single median 
fin, while in the adult the sucking-mouth is furnished 
with horny teeth resting on a soft cushion, and the 
median fin is divided. In the adult the tongue 
is furnished with rasping teeth, while above and below 
the aperture of the mouth there are a series of upper 
and lower teeth, and the sucker is likewise provided 
with smaller isolated teeth. Eyes are present in the 


(2) RIVER-LAMPERN, AND (3) 
PLANER’S LAMPERN 


however, revolutionised our ideas concerning the 
creatures in question, with the result that while the 
lampreys are now separated from the fishes to form 
a class by themselves in the vertebrate subkingdom, 
the lancelet and sea-squirts, together with the above- 
mentioned worm-like creatures, are now regarded as 
forming a division by themselves, known as the 
primitive vertebrates or Protochordata, which agree 
with the vertebrates in the possession of a hollow 
dorsal central nervous system, of a notochord, and 
of gill-slits. 


PETROMYZONTES—LAMPREYS 


adult; and the nostril is situated in the middle of the 
head. The seven gill-pouches open externally by as 
many apertures on each side of the neck, but com- 
municate internally with a respiratory tube that opens 
in front into the throat. The intestine is furnished with 
a spiral valve, and the eggs are minute. 

The true lampreys are characterised in the adult 
condition by having two dorsal fins, the hinder one 
continuous with the caudal; and also by the upper 
series of oral teeth consisting either of a doubly- 
cusped transverse ridge or of two closely-placed 
separate teeth; while the teeth on the tongue are 
serrated. When open, the mouth of lampreys is nearly 
circular in shape, but when closed forms a narrow slit. 
They are represented in Britain by three species, which 
are confined to the coasts and fresh waters of the 
Northern Hemisphere, ranging 
, as far south as West Africa. 
The largest of these is the sea- 
lamprey (Petromyzon marinus), 
which may grow to as much 
as a yard in length, and is 
., common to Europe, North 

' America, and West Africa. On 
the other hand, the river- 
_lampern (P. fluviatilis), which 
at certain seasons ascends the 
rivers of Europe, North 
America, and Japan in in- 
numerable hosts, is somewhat 
less than two feet in length, 
and differs from the last species 
in being uniformly coloured 
instead of marbled with black. 

Still smaller is the small 
lamprey (P. planer), also 
known as the pride or sand- 
piper, which is also common to 
Europe and Western North 
America, and scarcely reaches 1 foot in length; its 
coloration being uniform. The young of this form was 
long regarded as a distinct genus, under the name of 
Ammocetes, but its true nature was discovered by 
wotchime the translNtation into fhe adult. ‘‘ he 
larva,’’ writes Dr. CUDther, |‘ requeces three or tour 
years for its full development. At first the head is very 
small, and the cavity of the mouth surrounded bya 
semicircular upper lip, the separate lower lip being very 
small. There are no teeth, but several fringed barbels 
surround the mouth. The extremely small eyes are 
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hidden in a shallow grove; but there is a median 
single nasal opening, and seven gill-openings, as in the 
adult. The vertical fins form a continuous fringe, 
in which the later divisions are more or less distinctly 
indicated.” 

Much has still to be learned regarding the habits of 
lampreys, but it appears that all ascend rivers for the 
purpose of spawning, and that some of them pass the 
whole of their larval conditions in fresh waters. They 
are all carnivorous, and in the adult state attach them- 
selves by their mouths to the bodies of fishes, from 
which they rasp off the flesh with their horny teeth ; 
fish being not infrequently met with bearing the scars 
of wounds thus inflicted, and a salmon has been taken 
high up in the Rhone with a sea-lamprey tightly 
adhering to its side. Bathers have also been known to 
be attacked by the same species. Commonly keeping 
to the bottom, the sea-lamprey may at times be seen 
swimming near the surface with a serpentine movement 
of the body. In the Severn the capti of this species 
lasts from February to May, while .a the Thames 
the season is May and June; buti the Scottish rivers 
the lampreys do not ascend till the end of June, re- 
maining till the beginning of August. During the 
spawning season these fishes excavate furrows in the 
river-bottoms for the reception of their eggs, and are 
said to remove impeding stones by lifting them up with 
their sucking-mouths. Being much exhausted by the 
function of spawning, at its conclusion they make their 
way with all speed to the sea. 

The river-lamprey was at one time thought to be a 
permanent inhabitant of fresh waters, but it has been 
taken in the sea, and it has even been considered that 
it may undergo its metamorphosis in salt water. Always 
restricted to low-lying countries, this lamprey may 
be found alike in rivers, streams, lakes, and marshes, 
although it only spawns where the water is clear and 


ORDER II. 


T#® hag-fishes are distinguished from lampreys by the 
nasal sac having a posterior passage which per- 
forates the palate; the single external nasal aperture 
being situated above the mouth at the extremity of the 
head, which is furnished with four pairs of barbels. 
The mouth is devoid of lips, the palate is provided 
with a single median tooth, and there are two comb- 
like series of rasping teeth on the tongue. The gill- 
apertures, or aperture, are situated at a considerable 
distance from the head; and each gill-pouch has a 
separate passage open- 
ing into the cesophagus. 
The sides of the abdo- ; . 
men carry a row of 4 
mucous sacs, and there en 
is no spiral valve to the ial 
intestine. Thelargeeggs —~ 
are invested in a horny © ~ 
envelope, furnished with aE Sap 


snd North America, there is but a single gill-opening 
on each side of the abdomen leading by means of six 
pasetges toas mang gill-pouches. -Ynother spec. bas 
peen-recorded fré—. the extremity of South America ; 
and the range of the genus also includes Japan. 

The Pacific hag-fishes (Bdellostomatide) include ‘a 
single genus (Bdellostoma), of which there are two 
species from the coasts of the South Pacific; there are 
six or more gill-openings on each side, each communi- 


threads for adhesion. ~~ a \ \ 
In the true hag-fishes ~~ . laaeeeenehe 
(Myxinide), of which THE HAG-FISH 
the common _ species 

(Myxine glutino$a) is fornd on the coasts of Europe 


flows swiftly over a stony bed. During the spawning 
season, which takes place in March and April, the 
lampreys acquire a brilliant metallic lustre; while at 
the conclusion of the function they generally perish. 
Their chief use is as bait for cod and other fish; for 
which they are specially adapted on account of the ease 
with which they can be kept alive. 
SOUTHERN LAMPREYS ; 

In the Southern Hemisphere the family is repre- 
sented by four genera, in one of which there is a single 
species (Mordacia mordax) common to the coasts of 
Chili and Tasmania; while in a second (Geotria) there 
is one Chilian and another South Australian species. 
The first of these two genera agrees with the typical 
representatives of the family in the continuity between 
the second dorsal and caudal fins, but differs in having 
two groups of three-cusped teeth above the aperture of 
the mouth; while in the second genus the two fins 
above mentioned are separate, and there is a four- 
lobed plate above the mouth. Some of these lampreys 
grow to a length of a couple of feet ; and in the adults of 
some or all of them the_skin of the throat is so much 
expanded as to form a kirfd of pouch. 

The third genus (Exomegas) appears to be known 
only by two examples from the Atlantic side of South 
America, one of which was picked up in the streets of 
Buenos Aires in 1867, while the second was obtained 
from the Bay of Monte Video in 1890. With the ex- 
ception that the dentition is of a peculiar type, very 
little is known as to the structure of this rare form. 

The fourth genus is represented by Macrophthalmia 
chilensis, from the coast of Chili. 1t will not fail to be 
noticed that the remarkable geographical distribution of 
these southern lampreys is paralleled by that of certain 
fresh-water fishes already described, with the exception 
that there is no instance among the latter where a 
species is common to Australia and South America. 


MYXINOIDES—HAG-FISHES 


cating by a separate passage with a gill-chamber. All 
these creatures are matine, and are frequently found 
deeply buried in the bodies of fishes, more especially 
members of the cod family, into which they bore for 
the purpose of feeding on the flesh. They are totally 
blind, and secrete vast quantities of slime, which 
seriously interferes with fishing in localities where 
these creatures abound. Met with in the fjords of 
Norway at a depth of about 70 fathoms, hag-fishes 
have been dredged from depths of nearly 350 fathoms. 
The affinities of lam- 

preys and hags have 


been the subject of 
Ne ; much debate, and as 
= - they are not adapted 


for preservation in the 
» est a i geolo- 
~ ee = ; gical record throws no 
Penk eee light on their evolution, 
though they are doubt- 
less of vast antiquity. 
In some respects they 
; are undoubtedly primi- 
tive, in others (such as the rasping tongue) highly 
specialised, and they may be degenerate. It has even 
been maintained that they have descended from 
ancestors that possessed biting jaws, but this view has 
mu. been proved. They are certainly not fishes, and 
their peculiarities are but expressed by assigning them 
a special class of their own. Some think that the 
mouth of ancestral vertebrates was of a different nature 
from that now possessed, and that the nasal aperture 
in hags corresponds to the old mouth. 


sana MA lay ies, re 
wee Sah aagen see - 
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CIEASS VII. 


OSTRACODERMI 


PRIMITIVE ARMOURED VERTEBRATES 


Group of remarkable armoured creatures from the 
5 Paleozoic rocks formerly placed among the fishes 
is now regarded as probably constituting a distinct class. 
Strange in form, and utterly unlike any living animals, 
these primeval armoured vertebrates are characterised 
by the great development of the external skeleton, the 
head and fore part 
of the body being 
protected by large 
bone-like plates. 
There are no hard |} 


structures to the 
mouth, and _ there | 
Oe wat wmMOSt, but | 


rudimentary indica-~ ~ 
tions of arches for 
the support of limbs, while the notochord is persistent. 
It is very generally held that these problematic 
creatures come near the jawless ancestral stock from 
which higher vertebrates have doubtless taken origin. 


PTERASPIS 


The simplest of these armoured forms is typified by 
the genus Prervaspis of the Devonian rocks, a partial 
restoration of which is given in the annexed figure. 
In these creatures the head 
and fore part of the body 
are protected both above 
and beneath by shields: 
while the tail, in some cases 
at least, is scaled. The 
structure of the shield is 
curious, each plate consisting 
of an outer and inner hard 
layer, between which is a 
thick stratum of polygonal] } 
chambers, perforated by Ssseesieies 
delicate tunnels of the sen- 
sory canal system of the 
skin; all the layers lacking the elements of true 
bone, and the outer surface being marked with fine 
concentric strie. 

The eyes are lateral and widely separated, and 
towards the hinder end of the back shield (which 
is provided with a spine) there is an aperture on each 
side for the escape of water from a gill-cavity. Al- 
though nothing is known as to the form and structure 
of the nose and 
mouth, the nostrils 
must evidently have 
been placed near the 
mouth on the under 
surface of the head. 
A pit between the 
eyes probably marks 
the site of a rudi- 
mentary median * 
eye; and the struc- 
ture of the under 
surface of the shield indicates the presence of separated 
gill-pouches, which were probably supported by arches. 


CEPHALASPIS 


The next family of the group is typified by the genus 
Cephalaspis, in which the front shield appears to be 


RESTORATION .OF CEPHALASPIS 


PARTIAL RESTORATION OF PTERASPIS 


RESTORATION. OF PTERICHTHYS 


confined to the head and gill-region, and consists ofa 
single piece, rounded or pointed in front, abruptly 
truncated behind, and with the rounded margin bent 
inwards below to form an ornamental flattened 
rim. Of the triple-layered shield, the inner layer is 
bony, the thick middle one solid, although traversed 
_ by a network of 
blood-vessels, while 
the upper one is 
tuberculated and 
ONO wim ollie aaa) 
structure. 

The eyes are placed 
close together in the 
middle of the shield, 
the nostrils must 

have had much the same position as in Plevaspis, and 
at the back of the shield there occurs on each side 
a small flap, which must be regarded as a gill-cover. 
Immediately behind the shield begins the ordinary 
scaling of the body, without any signs of arches for 
the support of limbs. Paired fins appear, indeed, to 
be totally absent, although a dorsal and a caudal 
fin, stiffened by little elongated scales in place of 
rays, are present. The large, deep, quadrangular 

__ scales covering the body 
form a series Of inter- 
locking rings, doubtless 
corresponding in the living 
state to the underlying 
muscle-plates of the body. 


POUR RICH Wet xs 


The third modification of 
. the group, as represented 
by the Devonian Pierichthys, 
agrees in the general struc- 
ture of the shield with certain 
members of the last section, 
in which there is no dividing line between the head-shield 
and the united scales of the body. The head is, how- 
ever, sharply defined from the body ; and the armour, 
instead of being simple, consists of a number of over- 
lapping plates arranged symmetrically. 

An important point of distinction from all the 
preceding forms is to be found in the presence of a 
pair ot hollow limb-like pectoral appendages, jointed 
near the middle. A 
small movable plate 
between the eyes 
seems to have lodged 
a median eye; 
another movable 
plate on the cheek 
appears to represent 
the gill-cover; and a 
pair of loose jaw- 
plates on the lower 
surface of the front 
of the head, in some forms at least, are finely toothed 
on the hinder border; but nothing definite is 
known with regard to the nature of the nose, 
mouth, and jaws. The arrangement of the median 
fins is generally similar to that obtaining in the 
second family. 
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DIVISION PROTOCHORDATA 


CLASS I. 


1TH the semitransparent little creatures known as 
lancelets, forming the only family (Branchiostoma- 
tide), with two genera, of the class to which they belong, 
we leave the vertebrates proper and come to the lower 
group of protochordates ; all of which retain the three 
essential vertebrate features mentioned on page 1779. 
First described by the Russian naturalist Pallas in 
1778, from a specimen captured on the Cornish ooast, 
the common lancelet (Branchiostoma lanceolatum) was 
referred to the Mollusca, where it remained till 1834, 
when it was rediscovered by Costa, on the Neapolitan 
coast, who gave it the name of Branchiostoma, and placed 
it among the fishes, in the neighbourhood of the lam- 
preys and hags. It was again discovered by Yarrell 
in 1836, who assigned to it the title cf Amphioxus, and 
was the first to recog- 
nise the existence of a 5& 
gelatinous notochord. 

The upper figure of 
the illustration shows 
the pointed extremities 
of the body, and also a 
number of chevron- 
shaped lines, with their 
angles directed  for- 
wards, these being the 
partitions dividing the | 
lateral muscles into a 
series of segments. It 
is due to this segmented structure that the lancelet is 
enabled to swim so speedily as it does, its progress 
being effected by serpentine movements of the body. 
Paired fins are wanting; but the back is provided 
with a+ continuous dorsal fin, expanded posteriorly 
into a caudal fin, which passes below into a ventral 
fin. In front of this a lateral fold on either side is 
continued forwards to join the ring of feelers, or ten- 
tacles, growing from the margin of the hood-like 
expansion of skin which surrounds the mouth. 

The notochord extends to the anterior and posterior 
extremities of the body, reaching beyond the muscle- 
plates, and in advance of the front extremity of the 
overlying nerve-cord; the latter feature being peculiar 
to the lancelet (hence the name ‘ Cephalochorda”’’). 
An aperture distant about two-thirds of the whole 
length from the head, and opening in the middle 
line of the lower surface of the body, is the outlet 
of a large cavity, or atrial chamber, surrounding most 
of the internal organs, and especially the large pharynx ; 
and the vent is situated high up on the left side, near 
the hinder end of the body. The reproductive organs, 
which form oval structures lying below the muscle- 
plates, differ from those of the vertebrates in that they 
consist of a large number of perfectly distinct chambers. 

In connection with the fins, it should be observed 
that, except at its two extremities, the dorsal fin is 
supported by a series of gelatinous rays, each lying in 
a chamber of its own; while the ventral portion of the 
caudal fin has a paired series of similar supports. In 
young and transparent examples, the pharynx, or that 
portion of the alimentary tract immediately behind the 
mouth, is distinctly visible through the walls of the 
body, and can be seen to be perforated on each side by 
a very large number of vertical gill-slits, opening into 
the atrial chamber. In the living creature an almost 
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continuous current of water is drawn, for the purpose 
of breathing and feeding, through the mouth into the 
pharynx, whence it escapes by means of the gill-slits 
into the atrial chamber, from which it is discharged 
through the pores. 

Unlike even the lowest vertebrates, lancelets have 
no cartilaginous skull; the only solid structure in the 
head taking the form of a ring of cartilage in the hood 
surrounding the mouth, which gives off a series of pro- 
cesses for the support of the feelers. Although paired 
eyes, as well as organs of hearing, are totally wanting 
in these strange little creatures, a pigment-spot 
at the front end of the nerve-tube represents a median 
eye ; behind which is a small nasal pit on the left side, 
communicating in theJarva by means of a small pore 
with the front of the 
nerve-tube. With re- 
gard to the other soft 
parts, it will suffice to 
mention that the anterior 
extremity of the nerve- 
tube is not expanded 
to forma true brain; and 
that the heart is repre- 
sented merely by a series 
of pulsating dilatations 
of the great _ blood- 
vessel, the blood itself 
being devoid of colour. 

Lancelets are represented by a considerable number 
of species, which may be arranged in two genera, 
mainly distinguished, as mentioned below, by the 
arrangement of the reproductive organs. Essentially 
littoral forms, inhabiting shallow water, especially 
where the bottom is sandy, these creatures have an 
almost universal distribution on the temperate and 
tropical coasts, although they are often curiously local. 
The European form has been recorded from Scandi- 
navia, Heligoland, the English Channel, France, the 
Mediterranean, and Chesapeake Bay. Others species 
occur on the Atlantic and Pacific shores of North and 
South America, as well as on the coasts of Australia, 
Japan, Ceylon, and the Fiji Islands. 

Dr. A. Willey remarks that the lancelet ‘‘ possesses 
an extraordinary capacity for burrowing in the sand 
of the seashore or sea-bottom. If an individual be 
dropped from the hand on to a mound of wet sand, 
which has just been dredged out of the water, it will 
burrow its way to the lowest depths of the sand- 
hillock in the twinkling of an eye. Its usual modus 
vivendi is to bury the whole of its body in the sand, 
leaving only the mouth with the expanded buccal cirri 
[tentacles] protruding. When obtained in this position 
in a glass jar, a constant inflowing current of water, 
in which food-particles are involved, can be observed 
in the neighbourhood of the upstanding mouths. 
The food consists almost entirely of miscroscopic 
plants (diatoms, desmids, etc.) and vegetable débris. 
Occasionally after swimming about for some time it 
will sink to the bottom, and there recline for a longer 
or shorter period upon its side on the surface of the 
sand. When resting on the sand, it is unable to 
maintain its equilibrium in the same position as an 
ordinary fish would do, but invariably topples over 
on its side—indifferently, the right or left.” 
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XTERNALLY, scarcely any creatures are more unlike the 
lancelet than those fixed marine animals commonly 
known as sea-squirts, and technically as tunicates, 
or ascidians. Nevertheless, the relationship is prob- 
ably closer than that existing between the former 
animal and the larva of a lamprey, in spite of the 
much greater external resemblance between the two 
latter. It is, however, when we dissect a sea-squirt 
that we meet with structures recalling certain features 
in the anatomy of the lancelet ; while to find evidence 
of the chordate affinities of the former we have to 
go back to its larval condition. 

As there are both simple and compound fixed 
ascidians, so there are two similar types among the 
pelagic forms ; but some of the latter are complicated 
by an alternation of generations, the one generation 
being a simple form, whereas in the other generation 
the units are aggregated into chains, as shown on page 
1765 of the creatures known as salpe. Among the 
compound fixed types the colonies, as they are termed, 
consist of a number of individuals produced by budding 
from a single parent stock; such colonies frequently 
attaining very large dimensions, and being remarkable 
for their brilliant coloration, although in other cases 
they merely form thin incrustations on the surface 
of various marine objects. Other forms, on the con- 
trary, are merely connected 
at their bases by a common 
creeping root-like base, from 
which new buds are from time 
to time given off, the indi- 
viduals being otherwise free. 

Externally, a simple sea- 
squirt resembles a_ leather 
bottle with two spouts ; these 
spouts forming funnel-shaped 
projections, one of which— 
generally situated at a higher 
level than the other—takes 
in water, which is discharged 
from the second. The whole 
organism is invested in an ypratTHERY 
external tunic, varying much in 
structure, but being frequently 
warty, and generally opaque, 
although in the salpe it is transparent. A remarkable 
feature connected with this outer tunic is that it con- 
tains a substance—cellulose—identical in composition 
with that forming the cell-walls of plant-tissues. On 
cutting through the outer tunic,,we come to an under- 
lying muscular tunic, forming the true body-wall, and 
consisting externally of an epidermis underlain by 
interlacing muscular fibres. 

In the illustration, a@ indicates the inhalent and 
b the exhalent orifice of this inner tunic. On cutting 
into the inner tunic, we find a large so-called atrial 
cavity, enclosing to a great extent the viscera, and com- 
municating with the exterior by means of the exhalent 
orifice. The inhalent orifice, or mouth, communicates, 
on the other hand, directly with the exceedingly 
large pharynx or branchial chamber (resembling that 
of the lancelet in many details), which extends nearly 
to the hinder end of the body, and is perforated by a 
vast number of gill-openings, through which the 
water taken in at the mouth passes into the atrial 
chamber. Instead of passing directly into the latter 
chamber with the water, the food-particles are caught 
up in a mass of slime, and carried round the base of the 
mouth-tube until they reach the entrance to the 
cesophagus, which lies near the hinder end of the 
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dorsal surface of the branchial chamber. lLancelet and 
larval lampreys feed in much the same way. Hence 
the food passes into the stomach, and along the intestine, 
which forms a U-shaped curve turned away from the 
dorsal aspect; the vent opening on the same aspect 
into the atrial cavity below the exhalent orifice. 

With regard to the nervous and circulatory system, 
it will suffice to say that there is a large nerve-ganglion 
imbedded in the tissue of the inner tunic, and lying 
on the dorsal surface of the body between the inhalent 
and exhalent orifices; and true blood-vessels are 
wanting, the blood merely flowing through a series 
of spaces in the muscles and other tissues of the body 
and between the viscera, and the heart forming a 
dilated tube. Unlike the higher chordates, all the 
ascidians are hermaphrodite ; the reproductive organs 
frequently lying within the loop of the intestine, and 
discharging into the atrial cavity alongside of the vent. 
A remarkable physiological feature of the group is to 
be found in the periodical reversal of the action of the 
heart ; the blood being driven for a certain time in one 
direction, after which the heart makes a short pause 
and then propels it in an opposite course. 

All ascidians go through a free-swimming larva 
stage, during a part of which they develo> a:teil con- 
taining a notochord ‘hence the name “‘ Urochorda”’’) and 
nerve - tube. Generally the 
larval condition lasts butashort 
time; and this may be the 
reason for the development of 
the tail, as a powerful swim- 
ming organ would seem to be 
essential in order to enable the 
creature to reach a spot suit- 
able for its permanent exist- 
ence. During its development 
a groove makes its appearance 
on one surface of the ascidian 
embryo, the large cells on the 
side of which grow inwards so 
as to enclose a tube, corre- 
sponding to the nerve-tube of 
vertebrates, beneath which is 
the notochord. When of an 
oval shape, and while still 
contained in its investing membrane, the embryo 
assumes a ventral curvature, and at the same time 
produces a long tapering tail, which eventually becomes 
coiled round it. 

In addition to certain other structures, this out- 
growing tail includes the nerve-tube and the noto- 
chord, and in some forms contains the only muscles 
developed at all. Subsequently a rudimentary brain, 
corresponding to a simple structure in the lancelet, 
makes its appearance, and also an unpaired eye. 
After certain other changes, among which the develop- 
ment of a stomach and intestine are included, the 
larva is ready to burst from its membranes, which it 
does by spasmodic jerkings of the tail; and it there- 
upon starts on a free-swimming existence. Before 
long the cellular structure of the notochord in the tail 
begins to disappear by the formation of vacuities ; 
and eventually the whole structure becomes filled with 
gelatinous matter. After a brief free existence it fixes 
itself by its front end to some submarine object, with the 
tail stretched out and generally motionless. In a short 
time this appendage begins to shorten, and finally 
disappears. Ascidians are probably the degenerate 
descendants of permanently free-swimming forms 
provided with a complete notochord and nerve-tube. 
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CCORDING to the classification adopted by Professor 
Herdman, the tunicates may be divided into three 
orders, the first of which is known as the Ascidiacea. 
This group includes both fixed and pelagic, simple and 
compound types, none of which are provided in the 
adult state with a tail and retain no trace of a noto- 
chord ; the free-swimming forms constituting colonies, 
and the simple types being generally fixed. The outer 
tunic is permanent and well developed, generally 
increasing with the age of the individual; and the 
muscular structure of the inner tunic takes the form 
of an irregular network, and never of hoop-like bands. 
The walls of the large branchial chamber are perforated 
by numerous slits, opening into a single atrial cavity, 
which in turn communicates with the exterior by 
means of the exhalent aperture of the tunic, the vent 
opening into the atrial cavity. Many of the forms 
reproduce their kind by budding, and in most the 
sexually-produced umbryo develops into a tailed larva. 
The order is divided into three subordinal groups, of 
which the first—Ascidie Simplices—includes fixed 
(rarely unattached, but never free-swimming) and 
generally solitary forms, which very rarely reproduce 
by budding. When colonies occur, each: of their 
individual members has a distinct outer tunic of its 
_ OW Booed ae ciety never being buried in a common 
Investing Mass. ur families are contained in this 
suborder, each represented by adarge 
number of genera. : 
Omitting mention of the first family, |- 
we may take as an example of the 
second (Cynthitd@) the genus Mvicrocos- 
mus, of which specimens are shown | 
in the figures. As a family, these, | 
sea-squirts are characterised by being 
usually attached, and sometimes 
stalked, although rarely free. The outer 
tunic is generally membranous or 
leathery, but occasionally cartilaginous 
or covered with sand; while the 
inhalent aperture is usually, and the ~~ 
exhalent aperture invariably, provided 
with lobes, meeting together 
at the centre. The branchial | 
chamber is_ longitudinally | 
folded, with its gill-slitsstraight, | 
and the tentacles may be either | 


single or compound. In the 
figured genus the body is 
attached and sessile, and the 
tunic is thin, leathery, and | 
tough, both its apertures having | 
four lobes and the tentacles | 
being compound. 
As an example of the family | 
Ascidiide we may take the well- | 
known Phallusia mammiaitllata, 
from the seas of North-Western 
Europe and the Mediterranean, 
which is the sole representative |.. 
of its genus. In the family to 
which it belongs, the body is 
attached and usually fixed, although rarely stalked ; 
the inhalent aperture generally has eight and the 
exhalent six lobes; and, as a rule, the outer tunic is 
either gelatinous or cartilaginous, although it may be 
horny. The branchial chamber is devoid of folds, 
with the gill-slits either straight or curved ; and the 
tentacles are simple and thread-like. In the figured 
genus the body is erect and attached, and the outer 
tunic of a cartilaginous nature, its surface being 
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ips , genus; the 
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mammillated in a very characteristic manner. It 
may be mentioned here that all the simple sea- 


squirts of this group, when touched, emit a 
jet of water, and that some of them, like the 
one here represented, are used as articles of 
food. ‘To the same subfamily as Phallusia also belongs 


the extensive genus Ascidia, in which the outer tunic 
is soft and flexible instead of being cartilaginous. 
A totally distinct subfamily 
is, however, indicated by the 
remarkable deep-sea genus 
Hypobythius, of which the two 
known species were obtained 
at depths varying from six 
hundred to two thousand nine 
hundred fathoms, during the 
voyage of the Challenger. Here 
we find the cup-shaped or pear- 
| like body attached, by a longer 
' or shorter stem; while the 
S.apertures are circular and not 
closed by lobes. The outer 
tunic is cartilaginous, but soft 
and thin, although thickened 
in places to form plates. The 
—J internal longitudinal bars 
usually found in the branchial 
chamber are wanting in this 
gill-slits are small and 
_ irregularly placed; and the viscera form 

~ acompact irregular mass on the dorsal 
side of this chamber. In the species 
here figured (H. calycodes), which is 
from the North Pacific, the stem is of 
great length, and the outer tunic 
thickened so as to form a number of 
nodules or plates; but in the South 
Atlantic form (H. moseley?) the stem 

is much shorter, and there is only a 
single plate, situated on the dorsal 
== side. Of very large dimensions, these 
deep-sea ascidians are decidedly the 
most beautiful members of the class, 
and present some resemblance to the glass-sponges. 
A totally different type of structure is presented by 
the last family (Clavelimnide) of the suborder, in which 
the body of each individual is attached by its posterior 
end, and usually by means of a stalk, to a creeping 
basal stolon, or common mass, from which young 
individuals are produced by budding. The outer 
tunic, which is usually thin and transparent, is in 
most cases gelatinous, although occasionally car- 
tilaginous ; and its circular apertures are but seldom 
distinctly lobed. Folds are wanting in the branchial 
chamber, but longitudinal bars may be present, 
although these lack the papillae found in the preceding 
family ; and the gill-slits are straight. The tentacles 
resemble those of the last family in their simple, 
thread-like form; but the digestive tract is usually 
extended behind the branchial chamber to form an 
abdomen. In addition to the ordinary sexual repro- 
duction, colonies may be formed by budding from the 
common stolon. Ten genera are included in the 
family, from among which the typical Clavelina is 
selected for illustration. Here the body is elongated 
and club-shaped, and is attached toa delicate, branched, 
creeping stolon, from which arise the buds. The thin 
outer tunic is gelatinous or cartilaginous, with its 
circular apertures devoid of lobes. The inner tunic is 
likewise thin, with its muscles mainly longitudinal ; 
and the intestinal tract is extended to form a well- 
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marked abdomen. In its restricted sense, the genus 
includes only half a dozen small species from North- 
Western Europe and the Mediterranean, the one 
here figured (C. lepadiformis) being characterised by the 
yellow or brown lines on the region known as the thorax. 

The second suborder of the p== oar 

typical sea-squirts—Ascidiz 
Composite—includes fixed 
forms which reproduce by buds 
so as to constitute colonies 
in which the individuals are 
buried in a common investing 
mass, and thus possess no 
separate tunics. The. group 
includes seven families; and 
Professor Herdman remarks 
that as many of these have 
originated independently from 
simple forms, the whole as- 
semblage is to a certain extent an artificial one. 
_ Inthe first family (Botryllid@) the colonies usually form 
thin incrustations on seaweeds or stones, although they 
occasionally take the shape of thick fleshy masses, 
the individuals being. arranged so as to form either 
circles or ellipses, or in branching lines.. The common 
apertures of discharge are distinct, and usually furnished 
with lobes ; the individual units are short, and show 
no division of the body into regions; and the outer 
tunic, which is usually soft, is traversed by numerous 
vessels. with large terminal knobs. Internal longi- 
tudinal bars are present in the large and well-developed 
branchial chamber, in which the gill-slits are numerous ; 
and the simple tentacles do not exceed sixteen in 
number. 

Budding may take place either from the sides 
of the units constituting the colony or from - the 
vessels in the tunic. Among the five genera con- 
stituting the family, the typical and well-known 
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A creeping ascidian 


Botryllus has the colony thin and incrusting, with the _ 


individuals arranged in a circular manner, whereas in 
Botrylloides they form 
ellipses or branching 
lines. In the figured 
species of the latter (B. 
albicans), from North- 
Western Europe and 
the Mediterranean, the 
colony is pure white in 
colour, but in some it 
is purple with yellow 
or green markings, and 
in others yellowish 
green. As an example of forms in which the colony is 
thick and massive, we may cite the genus Polycyclus. 
Passing over the second family of the suborder, we 
come to the third (Polyclinidg), in which the colony 
is usually massive, being sometimes incrusting, but in 
other cases lobed, or even stalked. The arrangement 
of the individuals is highly variable, and the common 
apertures of discharge are usually inconspicuous. 
Although of an elongated form, the individuals usually 
differ from those of the family last noticed by being 
divided into three regions, the inhalent aperture having 
six or eight lobes, while the exhalent is frequently 
provided with a tongue-like process. The gelatinous 
or cartilaginous outer tunic is frequently stiffened by 
imbedded grains of sand; and the branchial chamber is 
usually small and poorly developed, with minute gill- 
slits and no internal longitudinal bars. The tentacles 
are small and not numerous; the digestive tract is 
extended posteriorly to a considerable distance beyond 
the extremity of the branchial chamber ; and budding 
takes place from the end of the postabdominal region. 


AMAROUCIUM 
A compound ascidian in winter condition 
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The family is represented by well nigh a score of 
genera, among which Amavroucium may be selected aS 
an example, on account of its numerous species. Here 
the colony is massive, being sometimes lobed or stalked ; 
the mode of arrangement is usually compound and 
irregular, and the individuals are elongated, with six 
lobes to the inhalent orifice, and the, postabdominal 
region elongated. The species here figured (A. densum) 
is from North-Western Europe, and is. characterised 
by its greyish yellow colour, and the abundance of sand 
in the tunic; but other kinds may be black, orange, 
rosy red, or white. ,In our figure, a shows fully 
active individuals; while those in the outer ring, 
indicated by 6, assume a kind of torpid condition 
during the winter, but give rise to fresh buds in the 
spring. 

Omitting mention of the remaining families of the 
group just considered, we come to the third and last 
suborder of the typical ascidians—namely, the phos- 
phorescent ascidians—A.lucie. ‘These are represented 
solely by the genus Pyvosoma, which is thus the only 
member of the family Pyvosomatide. These ascidians 
are free-swimming, pelagic 
forms, reproducing by buds in 
such a manner as to form 
colonies in the shape of a 
sac, such colonies sometimes 
attaining huge dimensions. 

In the tube thus formed the 
constituent individuals are 1m- 
bedded in such a manner that 
all their inhalent apertures open 
on its outer surface, while their 
exhalent orifices are situated 


BQTRYLLOIDES within the cylinder, the mouth 
An incrusting ascidian on sea- of the sac forming the common 
weed 


discharging aperture. The 
apertures of the units are not lobed; and the outer 
tunic is gelatinous and transparent, containing no hard 
spicules, but provided with numerous minute cells. The 
branchial chamber is well-developed, and the tentacles 
are simple. The first four individuals of the colony 
grow in the form of buds from a rudimentary, sexually 
developed larva, the subsequent increase taking place 
by budding from a ventral posterior stolon. 

The genus is represented by only four species, in 
one of which (P.:eleguns) the individuals form regular 
oblique rows in the walls of the sac, while in the other 
three they are arranged irregularly. The largest of all 
is P. spinosum, from the Atlantic, in which the total 
length of the colony may be upwards of four feet, this 
species being distinguished by the surface of the sac 
being provided only with short, sharp spines, instead of 
with large processes of the tunic. It is to these 
ascidians that, the most beautiful phosphorescence of 
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tropical seas is due, each colony, when stimulated by a 
touch or shake of the water, giving forth a brilliant ball 
of bluish light, which lasts for several seconds, as the 
organism floats along beneath the surface, and then 
suddenly disappears. 
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ORDER THALIACEA—NON-LUMINOUS PELAGIC ASCIDIANS 


Wit the exception of the family just mentioned, 
and also of a second one which constitutes another 
order, the present ordinal group—termed the Thaliacea 
—includes the whole of the free-swimming pelagic 
representatives of the class. Either simple or com- 
pound in structure, these ascidians lack both a tail and 
a notochord in the adult, but have a persistent outer 
tunic, which may be either feebly or fully developed. 
In the inner tunic the muscles are arr anged in the form 
of more or less nearly complete circular bands, the con- 
traction of which forms the motive agency of the 
creatures. The branchial chamber has either two large 
openings, or a number of smaller gill-slits, leading to a 
single atrial cavity, the latter communicating with the 
exterior by the exhalent aperture, and the vent opening 
within it. In all the members of the group an alterna- 
tion of generations takes place, and this may be further 
complicated by the individuals of a single generation 
being unlike one another. During one period of exist- 
ence temporary colonies may be formed, but these never 
increase by the budding of the constituent units, which 
eventually separate from one another and disperse. 
The well-known salpe form 

a suborder—Hemimyaria— 
characterised by the form- 
ation of temporary colonies 
in the sexual generation, 
and represent a _ family 
(Salpide) distinguished by 
the muscular bands of the 
inner tunic being incomplete 
on the lower surface ot the 


simple form, and the chain-like or aggregate form, the 
first being shown in the upper, and the second in the 
lower figure of the picture on page 1765. It will be 
observed that in the chain the individuals are attached 
to one another by their upper and lower surfaces, and 
thtis have these two apertures free ; and when taken 
from the water the whole chain, which is several feet 
in length, can be easily resolved into its component 
units. The specimen represented in the figure below 
is one of these detached units from a chain, the pro- 
jection marked g being for the purpose of attachment 
to the neighbouring individual. 

The solitary salpa is born from an egg carried within 
the body of one unit of the aggregate form, the 
embryo being nourished by means of a placenta from 
the blood of the parent. On the other hand, the 
chain-salpze are produced assexually by budding 
from a stolon within the body of the solitary form. 
In the chain-salpa_the eggs arise, however, at an 
exceedingly early p@riod ‘of its dev elopment, with 
the curious result that three generations are present 
at one time in a single individual. 

Thus a solitary salpa has 
within it the buds of a chain- 
salpa, the units of which 
may each contain eggs which 
wil ultimately develop into 
the next solitary form. And, 
as a matter of fact, in a 
solitary salpa the germ cells 
of the embryo of the next 
solitary form are actually 


body. Pelagic in habit, and visible before the develop- 
transparent in structure, AN INDIVIDUAL OF A CHAIN-SALPA ment of the stolon which 
salpz have been not inaptly : eS : ; L Js to give nse to = the 
. a, inhalent, and 4, exhalent, orifice; @, gill; c, e¢, viscera; 7, eye (2); : Kats 
compared to a barrel with D peace ceneien chain-form. As the stolon 
both ends knocked out; and > forms in the body of the 
really consist of little more than a huge pharynx, latter, it includes within it the mass of germinal 
swimming through the water, and taking in large cells; and while the former elongates to form the 


mouthfuls of the same at each contraction of its 
muscles. Through the hollow, to below the hinder 
aperture, runs obliquely a rod-like gill (d) from 
above the mouth, although this is too narrow to 
interfere with the free flow of the water; while the 
lower surface of the interior of the creature |is 
furnished with a ciliated slime-secreting band, corre- 
sponding to the structure known in other ascidians and 
the lancelet as the endostyle. It may here be well to 
mention that in the lancelet the structure in question 
is an elongated gland situated at the base of the 
pharynx, and against which the ends of the gill-bars 
abut. The only part of the salpa that is not trans- 
parent is the thick mass of viscera (e, c) at the hinder 
end of the body ; while the muscular bands, by the 
contraction of which the water is driven through the 
barrel, may be compared to the hoops of the latter. 
Externally, the whole animal is invested with a thick, 
tough, transparent tunic ; and in some forms there are 
two tail-like appendages to the hinder part of the body. 

Such is the structure of a salpa; but there are two 
generations in the life of these creatures—namely, the 


chain of units, the mass of germ-cells likewise lengthens, 
with the result that a single egg-cell is shut off in 
each unit of the chain. Simple salpe vary in size 
from a quarter of an inch to upwards of eight inches; 
and in some parts of the ocean-surface are met with 
in incalculable swarms. The food of these creatures 
consists of minute marine organisms, both animal 
and vegetable. In swimming, chain-salpe progress 
by an undulating, snake-like movement. 

The second suborder—C yclomyaria—of the free- 
swimming, non-luminous ascidians takes its name from 
the muscular bands of the inner tunic forming perfect 
rings, and is typically represented by the genus Deliolum 
of the f family Doliolide. The life-history is complicated 
by polymorphism, the tailed larva dev eloping into a 
sexless form, the buds from which give rise to nutritive 
units, fostering units, and reproductive units.) Silnathe 
typical genus all the muscles torm encircling hoops, and 
the three forms of the sexual generation occur together 
on one stolon, or outgrowth; but in Anchinia there 
are only two complete muscular rings, and the three 
forms of the sexual generation are produced successively. 


ORDER LARVACEA—TAILED ASCIDIANS 


TH free-swimming form known as Appendicularia 

is the type of the third and last order— 
Larvacea—of the class, all the members of which are 
characterised by the possession in the adult state of 
large tail-like appendages, furnished with a skeletal 
axis. These creatures, which are of minute size, have 
not undergone the degeneration so noticeable in the 
adult of the other tunicates, and thus correspond 


much more closely to the larval stage of the latter. A 
curious feature is the rapid production of a temporary 
outer tunic, which may be shed at any time, and re- 
placed by a second one. There is no separate atrial 
cavity ; and the branchial chamber is simply an elon- 
gated pharynx, with two openings on the lower surface, 
which correspond to the gill-slits, and are well furnished 
with cilia. The nervous system consists of a large 
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ganglion placed in the anterior part of the dorsal 
surface, followed by a long cord, provided with smaller 
ganglia, and extending backwards over the intestine 
to reach the tail, where it runs along the left side of the 
skeletal axis. The intestine itself is situated behind 
the branchial chamber, and the vent opens on the 
inferior, or ventral, aspect of the body inadvance of the 
gill-shts. Neither budding, metamorphosis, nor alter- 
nation of generations takes place ; and the reproductive 
organs are situated at the hinder end of the body. The 


group comprises only the single family A ppendiculaniide, 
which contains five genera. 

These curious little free-swimming creatures very 
probably resemble the original ascidian stock more 
than any other forms, for they are undoubtedly less 
degenerate. It has also been suggested that they 
have descended from fixed forms in which the adult 
stage has been eliminated, and are ‘“‘ permanent 
larve’”’ that have acquired reproductive organs, like 
the axolotl among amphibians. 


CLASS HEMIGHORDA 


"THE last, and at the same time the lowest, group of 

the protochordates is typically represented by the 
marine Balanoglossus. Living buried in the sand or 
mud of the seashore, these worm-like creatures exhale 
a peculiar odour resembling that of iodoform, and 
secrete a copious supply of slime, to which adhere 
- particles of sand, thus forming a protective tube for 
their bodies. ‘At the front extremity of the creature,” 
writes Dr. Willey, ‘there is a long and extremely 
sensitive proboscis, which is capable of great contrac- 
tion and extension, and is in the living animal of a 
brilliant yellow or orange colour. Behind the proboscis 
follows a well-marked collar-region, consisting exter- 
nally of a collar-like expansion of the integument, 
with free anterior and posterior margins overlapping 
the base of the proboscis in front and the anterior 
portion of the gill-slits behind. In the ventral middle 
line, at the base of the proboscis, and concealed by 
the collar, is situated the mouth. Following behind 
the collar is the region of the trunk or body proper, 
which, in the adult of some species, reaches a relatively 
enormous length, even extending to two or three feet. 
The ectodermal covering of the body con- 
sists in general of ciliated cells, among 
which are scattered unicellular mucous 
glands ; the cilia, however, appear to be 
more prominent on the proboscis than 
elsewhere. 

“In the region of the trunk, which im- 
mediately follows upon the collar-region, 
there are a great number of paired open- 
ings on the dorsal side of the body placing 
the anterior portion of the digestive tract 
in communication with the outer world. 
These are the gill-slits, and they are arranged strictly 
in consecutive pairs to the number of upwards of 
fifty in the adult. In their structure, and more 
especially in the possession of tongue-bars, they bear a 
remarkable resemblance to the gill-slits of the lancelet. 
This is particularly striking in young individuals.” 

On dissection, a rod-like structure, which arises as an 
outgrowth of the alimentary canal above the mouth, 
is seen projecting into the interior of the proboscis ; 
and this rod has been identified with the vertebrate 
notochord. Above this rod, and extending farther 
back, is a dorsal nerve-cord, corresponding to the 
vertebrate nerve-tube, and having, as in the latter, a 
central canal, at least during the earlier stages of 
growth. Some distance behind the notochord this nerve- 
tube gives off a descending branch, connecting it with 
a similar cord lying on the ventral aspect of the animal. 

We thus have evidence of the existence in this strange 
worm-like creature of three essentially vertebrate 
characteristics—namely, gill-slits, a notochord, and a 
nerve-tube ; and it is not a little remarkable that while 
in the sea-squirts the notochord is found in the transit- 
ory tail, in Balanoglossus it is situated in the anterior 
extremity, where it extends some distance in advance 
of the mouth. Careful examination has also shown 
that the tornaria-larva of one species of Balanoglossus 


One is forming its house 


also possesses an endostyle (see page 1786), comparable 
to that of the lancelet and sea-squirts. That the creature 
under consideration is closely allied to the other 
protochordates, and thus to the vertebrates, may be 
considered fairly certain ; but there are also indications 
of affinity with non-chordates. 

In the first place, while certain species of Balano- 
glossus pass through the earlier stages of their existence 
without undergoing a metamorphosis, in other kinds 
such a transformation takes place; the young making 
its first appearance in the world in the form of what is 
known as a tornaria-larva, or one closely resembling 
that of a star-fish. And it is held by competent 
naturalists that this resemblance must be indicative 
of some kind of genetic relationship between Balano- 
glossus on the one hand, and star-fish and sea-urchins 
on the other. In the second place, there are not want- 
ing indications of affinity with the so-called nemertine 
worms, described in the sequel; these resemblances 
presenting themselves in the structure of the outer layer 
of the skin, the presence of a proboscis (kept retracted 
in the nemertines), as well as in regard to the nervous 

__._ system, the reproductive organs, and the 
_ | alimentary canal. 


OTHER FORMS 


Among the other forms included in the 
_ Protochordates two are respectively known 
as Cephalodiscus and Rhabdopleura, and bear 
_ the same relation to the last as is presented 
_ by the compound ascidians to the lancelet. 
Both these curious creatures are fixed forms, 
living in societies, reproducing their kind by 
means of buds, and having a U-shaped, in- 
stead of a straight, intestine. Both are likewise deep- 
water creatures, the former having been dredged in the 
Straits of Magellan at a depth of two hundred and 
forty-five fathoms, while the latter has been taken off 
the Shetlands in ninety, and off the Lofoten Islands 
in two hundred fathoms. 

Extremely minute in size, Cephalodiscus lives in 
colonies, the individuals wandering about the tubes of 
a common house, the walls of which are composed of a 
gelatinous material, covered with spiny projections 
and perforated by numerous apertures for the free 
circulation of water. The mouth is overhung by a 
large shield-like plate, surmounted by the row of 
plume-like tentacles ; while on the side of the body is 
a pedicle from which grow the buds ; locomotion being 
probably effected by imeans of this pedicle and the 
mouth-plate. The latter contains a short notochordal 
rod; and there is a single pair of gill-slits opening 
from the pharynx, water being passed into this from 
the mouth by the action of the tentacles. 

In the allied genus Rhabdopleura the individuals which 
go to form a colony are connected with one another by 
means of a common stem, representing the remnants of 
their original contractile stalks. Each polype has but 
a single plume-like tentacle ; and the buds arising from 
the soft part of the common stem never become detached, 
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INVERTEBRATES 
CHARACTERS & CLASSIFICATION OF BACKBONELESS ANIMALS 


“THERE are three different ways of studying in 

succession the various groups of the animal kingdom. 
One is to begin with the lowest forms and work upwards, 
which is the logical method, because it follows the course 
of evolution. It is, however, attended with the dis- 
advantage that the simplest forms of life are mostly 
unfamiliar to all but professional naturalists. The second 
method is to begin at the top and work downwards, the 
only advantage of which is that it begins with mammals, 
a group in which all are more or less interested. The 
third method is a compromise, and is adopted in this 
work. So far, the plan of working from above down- 
ward has been adopted, and all the various groups of 
backboned animals and their allies have been passed 
‘in review. Fishes, however, as a class, were treated 
according to the second method, following to some 
extent the probable course of evolution, for in no other 
way would it have been possible to discuss intelligently 
the adaptations to aquatic life exemplified by members 
of the class. 

In dealing with backboneless, or invertebrate, animals, 
we propose to reverse the plan pursued at 
starting, and, instead of beginning with the 
highest and most specialised groups, we 


shall begin with the lowest, which have an 9-,* 
interest of their own, and this will be a , ek 
B 
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convenient point at which to do something 
by way of review, while at the same time 
the opportunity will be afforded of con- 
sidering some general principles. 

The backboned, or chordate, animals are 
taken as the highest subkingdom, not 
merely on account of their high degree of 
specialisation—for in this respect they are 
rivalled by insects—but also because they include 
human beings and other forms distinguished by a 
relatively high degree of mental attainment. 

All members of the subkingdom are distinguished by 
the possession of three structural characters: (1) A 
hollow dorsal central nervous system; (2) an elastic 
rod, the notochord, which underlies part or all of this 
nervous system, either permanently or during some 
stage in the development; (3) gill-slits on the side of 
thé throat for some part of the life-history, if not for 
the whole of life. 

The hollow character of the central nervous system 
is due to its method of development. It arises as a 
thickened part of the outer layer of the skin (epidermis), 
which is folded off from the exterior, and therefore 
assumes a tubular character. 

The notochord apparently came into existence as an 
adaptation to swimming, serving to stiffen the body and 
give attachment to lateral muscles, producing undu- 
lations from side to side. It develops as a thickened 
strip of the dorsal wall of the digestive tube. In the 
large majority of the chordate forms (the term 
‘“ chordate ’’ has reference to the possession of a noto- 
chord) this structure is more or less completely replaced 
by a backbone, and it is to such animals that the name 
vertebrate is properly applied. It may be well to 
remember that lampreys and their allies, together 
with the shark-like fishes, possess a backbone which is 
mainly or entirely composed of gristle or cartilage 
and fibrous tissue. 

The gill-slits, which persist throughout life in aquatic 
chordates, are an adaptation to breathing the oxygen 


A, VERTEBRATE; AND 
B, HIGHER INVERTEBRATE 
IN CROSS SECTION 


d, digestive tube; g, gill-pouch; 4, 

heart; ¢, limbs (in a wit 

skeleton) ; , nerve cord ; #c, noto- 
chord 


dissolved in water. This is taken in at the mouth and 
passed out through the gill-slits, typically passing over 
delicate outgrowths known as gills contained in gill- 
pouches. A gill is richly provided with blood-vessels, 
separated only by a thin membrane from the water that 
bathes it, so that dissolved oxygen can diffuse into the 
blood, and the waste product, carbon dioxide, diffuse out. 
The origin of gill-pouches and gill-slits is not altogether 
easy of comprehension. It may be said, however, that 
they undoubtedly came into existence in ancestral jaw- 
less forms which fed on minute organisms and organic 
particles contained in the surrounding water, these 
being brought into_the mouth by ciliary action, a 
common means of S@tting up currents which will be 
elsewhere described. 

This method of feeding is still exemplified by the most 
primitive chordates, such as the lancelet and sea-squirts. 
It involves the taking in of a relatively large amount 
of water, and the gill-pouches and gill-slits probably 
arose as a means of getting rid of the superflous liquid. 
If so, they were not in the first instance evolved as 
breathing organs. But inall cases, among 
aquatic forms, where the covering or 
lining of the body is thin, some breathing 
takes place, provided there are blood- 
vessels or blood-spaces near the surface, 
and a case of this has already been de- 
scribed (page 1754), in the little shore- 
haunting fishes called mud-skippers, which 
use their tails as accessory organs for this 
purpose. We may therefore suppose that 
the gill-pouches and gill-slits, primarily 
evolved in the interests of feeding, 
became secondarily adapted to the func- 
tion of breathing. Such secondary adaptations are met 
with in many groups of the animal kingdom, and the 
principle of ‘‘change of use or function’”’ involved 
enables us to understand many things which would 
otherwise be permanent enigmas. An excellent example 
was described in dealing with lung-fishes (page 1776), 
forms in which the swim-bladder, originally evolved in 
connection with balance of the body in the water, has 
been converted into a lung, namely, a pouch suited for 
breathing ordinary atmospheric air. 

Adult land-vertebrates, such as reptiles, birds, and 
mammals, do not possess gill-pouches or gill-slits, but 
the last are present in their embryos, though they soon 
clese up and do not seem to be any use. They 
are undoubtedly to be regarded as indicating that 
the land forms in question have descended from 
aquatic fish-like ancestors. In the frog and other 
amphibians, we find a striking confirmation of this view, 
for such animals begin life as tadpoles, which possess 
gill-pouches and gill-slits, in this respect closely resemb- 
ling fishes. Later on these tadpoles become perfectly 
adapted to land-life, developing lungs and land-limbs, 
and often losing their gill-pouches and gill-slits alto- 
gether, at least as breathing organs. 

It is worth while noticing that the great bulk of land- 
vertebrates have retained the first gill-pouch for the 
purpose of conducting sound-waves to the internal 
organs of hearing, which are imbedded in the wall of the 
skull. Ina human being, for example, a passage known 
as the eustachian tube leads from the pharynx, or 
throat cavity, to the ‘“‘ drum”’ of the ear, closed exter- 
nally by a membrane (tympanic membrane) and 


internal 
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traversed by a chain of minute bones (auditory ossicles) 
that conduct vibrations of the air from the membrane 
to the internal ear. The eustachian tube and drum 
together represent the first gill-pouch, of which the 
external opening, or gill-slit, has become closed. This 
is another admirable instance of the principle of change 
of function ; indeed, we may say two instances, for the 
little auditory ossicles just mentioned, or some of them, 
probably correspond to structures originally used in 
hanging up the lower jaw to the skull. 

From what has been said it will be realised that 
corresponding structures in different kinds of animals— 
structures that agree in relative position and in 
mode of origin—do not necessarily perform the same 
functions. It is a great convenience to have words 
expressing this kind of correspondence, and those in 
use are homology, homologous, and homologue (Greek 
homologos—contformable). We may say, therefore, 
that the eustachian tube with the drum of the ear are 
homologous to the first gill-pouch of a fish, or that the 
two structures are homologues, or again that they dis- 
play homology. But it is also convenient to have a set 
of words having reference to similarity of use or function, 
and those selected for this purpose are analogy, analo- 
gous, and analogue (Greek analogos—similar). The 


wings of bat, bird, and insect, being all of them flying 
organs, are analogous, display analogy, and may be 
It must be remembered that 
In the 


termed analogues. 
homology and analogy often go together. 
example given, the wings of bat and bird 


or hedgehog-skinned animals, such as _ star-fishes 
and sea-urchins. (7) ANNELIDA, or segmented 
worms, such as earthworms and _ leeches. (8) 


GEPHYREA, orsiphon-worms. (9) POLYZOA, or moss- 
polypes. (10) BRACHIOPODA, or lamp-shells. (11) 
ROTIFERA, or wheel-animalcules. (12) NEMERTEA, 
or nemertine worms, unfamiliar marine forms with un- 
segmented bodies. (13) MOLLUSCA, or shellfish, 
such as cockles, snails, and cuttlefishes. (14) ARTH- 
ROPODA, or jointed-limbed animals, embracing 
lobsters, centipedes, insects, and spiders. 

If we take the words “lower” and “higher ’”’ to 
mean simpler and more complex with reference to 
bodily structure, the three first phyla are decidedly 
“lower ”’ as compared with the rest. We should also 
be justified in considering Mollusca and Arthropoda 
as “higher”? phyla. But to arrange the fourteen 
phyla mentioned in a “‘ linear series,”” or straight line, 
as it were, according to lowness or highness is quite 
impossible. Every rational attempt at arranging the 
phyla according to their resemblances and differences 
takes the form of a tree, which expresses our knowledge 
as to actual affinities or blood relationships, being, in 
fact, an imperfect genealogical tree. This approaches 
more and more towards correctness as our knowledge 
increases. The earliest forms of lfe with which we 
are acquainted belong to a great variety of inverte- 
brate phyla, upon the origin and mutual relationships 
of which we can only speculate more or less plausibly. 
It has been aptly remarked that the 
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are not only analogous, but also homo- 
logous, for both are fore limbs. SBut 
they are not homologous with the wings 
of insects, which have a totally different 
origin. Were it not for the changes of 
function that have often taken place, all 
homologous organs would be analogous. 
The vast assemblage of creatures to 
which the term invertebrates is conveni- 
ently applied do not constitute a single 
subkingdom, comparable to that of the 
vertebrates, for the word invertebrates 
simply means non-vertebrate. But this, 
of course, involves negative characters— 
e.g., invertebrates possess a central nervous system that 
is solid, not hollow, and the greater part of it is ventral, 
not dorsal; notochord and gill-slits are not present. 
These and certain other points of difference between a 
vertebrate and a higher invertebrate are represented on 

page 1788. The other points are as follows: 

VERTEBRATE HIGHER INVERTELRATE 
1. Body a double tube, the upper . Body a single tube. 
(dorsal) one containing the . Heart dorsal. 

central nervous systein. . Often more than two pairs of 
2. Heart ventral. limbs, taking origin from same 
3. Not more than two pairs of limbs, side of body as central nervous 


taking origin from same side of system. 
body as heart. 


By carefully looking at the diagram it will be seen 
that the one for the vertebrate is not unlike that for the 
invertebrate upside down, hence the well-known 
epigram of Professor von Dohrn: “ A vertebrate is a 
worm lying on its back.’’ But such a theory leaves 
a great deal to be explained. 

invertebrates are divided into a number of sub- 
kingdoms, or phyla. The most important of these 
are as follows, beginning with the lowest: (1) 
PROTOZOA, or animalcules, including a vast num- 
ber of simple animals, mostly minute or microscoplc. 
(2) PORIFERA, or sponges. (3) CAXSLENTERA, or 
zoophytes, of which sea-anemones, corals, and jelly- 
fishes are familiar examples. (4) PLATYHELMIA, 
or flat-worms, including flukes, tapeworms, etc. 
(5) NEMATHELMIA, or thread-worms, embracing 
many notorious parasites. (6) ECHINODERMA, 


NEMATHELMIA 


CQELENTERA 


PROTOZOA 


WN a 


ANWELIDA 


PORIFERA 


TREE OF ANIMAL LIFE 


construction of a genealogical tree of 
animals is as difficult as it would be to 
make a correct drawing of a tree almost 
entirely submerged in water by the aid 
of the twigs projecting above the surface. 
Subjoined is an exceedingly rough diagram, 
giving some idea of the possible relation- 
ship between the chief animal sub- 
kingdoms, including the vertebrates. 

To distinguish a higher animal from a 
higher plant is extremely easy, for the 
former is of compact form, and requires 
food of complex character and partly 
solid nature, which is taken into an 
internal digestive cavity. The higher animal also 
possesses marked powers of locomotion, for it has to 
move about in search of food. The higher plant, on the 
other hand, is of a branching form, and does not move 
about. Its food consists of water with mineral matters 
in solution absorbed from the soil by the branching 
roots, and of carbon dioxide absorbed from the air by 
the Jeaves borne on the branching stem. As none of 
this food is solid no internal digestive cavity is 
necessary, and powers of locomotion are absent because 
the food is everywhere present. That the higher 
plant is able to subsist on such an apparently 
innutritious diet is due to the fact that the green 
pigment (chlorophyll) present in the leaves and young 
stems enables the living substance of the body to 
use the energy of sunlight for building up the simple 
food into more complex substances that repair waste, 
and supply the material for growth. 

When we come to the lowest and microscopic forms 
of life these differences are not in all cases discernible, 
and it is sometimes impossible to say whether a given 
organism isa plant orananimal. In fact, some of these 
simplest organisms are described both in works on 
botany and those of zoology. 

It is therefore not an unreasonable conclusion that 
animals and plants have sprung from Common ancestors, 
which most likely were able to live on simple food, 
and in this respect resembled existing plants more than 
the vast majority of existing animals. 
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SUBKINGDOM PROTOZOA 
THE LOWEST ANIMALS, OR ANIMALCULES 


T#= animalcules mostly belong to a world invisible to 
the naked eye, a world unknown two hundred years 
ago. In 1755 Résel von Rosenhof saw sticking on the 
side of a glass vessel of water and weed a tiny particle 
of jelly, the movements of which attracted his atten- 
tion. ‘‘ It fastened itself,’ he writes, ‘‘on the side of 
the glass; and since, like animals, it moves, although 
very slowly, from place to place, and thereby con- 
tinually alters its form, and as I frequently examined 
the water with a magnifying-glass, the creature was 
necessarily discovered; as soon as I touched it, it 
contracted itself into a sphere and fell to the bottom.” 
Résel removed the 
specimen to a watch- 
glass, and observed it 
continually changing its 
shape. In consequence 
of this peculiarity, he 
named the animal “ the 
small Proteus,’’ after 
the monster of fable. 

Later the animal was 
named Ameba, as the name Proteus had been be- 
stowed on another animal. This minute creature 
affords excellent material for the study of compara- 
tively pure living matter or protoplasm. It is a 
minute speck of semifluid substance found living 
on the surface of mud or aquatic plants in ponds, 
and also in the sea. The body consists of a single cell, 
or unit of structure, in the interior of which may be 
seen the nucleus, a particle of specialised protoplasm, 
which appears to regulate the life of the animal and, 
as we Shall see later, has much to do with propagation. 
It crawls actively about by con- 
stantly pushing out blunt = pro- 
trusions of the body (pseudopods), 
the absence of a bounding mem- 
brane rendering this possible. 

If an amceba be kept under 
observation it will be found to 
feed constantly, flowing round 
small plants and the like, partly 
digesting them, and flowing away 
from the undigested remnants. 
The spaces containing these matters 
are called food-vacuoles. Food is 
necessary, as in all organisms, 
because the unstable living sub- 
stance of the body is always 
breaking down into simpler chemi- 
cal compounds, some of which as 
waste products are excreted, or 
passed out to the exterior, in the 
form of carbonic acid gas, water, 
and nitrogenous matters of simple 
kind. In fact, the body of an 
organism is continually passing through a cycle of 
chemical change (metabolism), and it is this which is 
the essential character of living as distinguished from 
non-living matter. Huxley has aptly compared an 
organism to an eddy in a stream, which, though of 
fairly constant shape, never consists of precisely the 
same particles of water for two moments together. 
A mass of mineral substance, for instance a diamond, 
may remain chemically unchanged for an indefinite 
period. 

The complex and unstable nature of living matter 
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adapts it eminently to undergo the constant chemical 
change to which allusion has been made, and such 
change, in so far as it consists of the transformation 
of complex compounds into simpler ones, renders 
possible movement and other manifestations of life. 
In order to render this plain it will be convenient to 
represent the cycle of chemical change in the form of a 
diagram usually called the ‘‘ metabolic staircase.” 

The left-hand side of the diagram represents the 
gradual up-building of food into more and more com- 
plicated compounds until protoplasm is ultimately 
reached, while the right-hand side indicates successive 
stages in down-breaking, 
ending in the formation 
of comparatively simple 
waste products, which, 
being of no _ use, are 
excreted, or cast out of 
the body. Without this 
cycle of change move- 
ment and _ other life- 
manifestations would be 
impossible, for they involve the employment of actual 
or kinetic energy, and this is produced from stored 
or potential energy, as represented by complex 
unstable chemical compounds. The up-building 
compensates for this waste, and renders growth 
possible. If the two sides of the staircase were 
of equal length there would be no advantage, 
for as much kinetic energy would be transformed into 
potential during up-building as would be generated 
from potential in the process of down-breaking. But 
animals live on comparatively complex food, and hence 
the left-hand side of the staircase 
is Shorter than the other, so that 
more kinetic energy is produced 
than used up. 

We must, however, inquire as 
to the source of the kinetic energy 
by which the complex substances 
ot animal food were constructed. 
Directly or indirectly animals 
depend on green plants for their 
food, and in such plants the two 
sides of the metabolic staircase are 
equal; for the food consists of 
water, carbonic acid gas, and some 
simple mineral compounds. But 
in a way that is as yet only im- 
perfectly understood green plants 
are able to use the kinetic energy 
of the sun’s rays in the up-building 
process, this process depending 
upon the green colouring matter 
(chlorophyll) by which they are 
characterised. Both plants and 
animals therefore depend upon the sun, by the 
help of which green plants are able to bridge the 
gulf between non-living and living matter, using 
exceedingly simple chemical compounds of the former 
kind as building material. 

An amoeba not only feeds, but breathes, a process 
which consists in taking in oxygen, and at the same 
time getting rid of, or excreting, the waste product, 
carbonic-acid gas. The down-breaking, or “local 
death,” that continually goes on in the body is essential 
to life, because it furnishes the requisite kinetic energy 
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for effecting movement, etc., and the oxygen taken in 
during breathing promotes this process, which is 
essentially one of oxidation. 

Close examination of an amceba will reveal the 
presence of a clear space, or vacuole (pulsating vacuole), 
in the protoplasm, which alternately appears and 
disappears, probably assisting breathing, and perhaps 
helping to get rid of, or excrete, waste products in 
general. It is easy to prove that this minute 
creature is sensitive to external influences or 
stimuli. Contact with external bodies, alterations 
of temperature, the presence of chemical irritants, 
weak electric currents, and so forth, modify the 
shape of the body for the time being, and either 
accelerate or retard locomotion. We must further 
note that the characteristic flowing or creeping 
movements associated with the protrusion of 
pseudopods are due to alteration in shape of the 
body. This property of changing shape, while 
the volume remains the same, is technically known 
as contractility, and in one form or another is 
characteristic of living matter or protoplasm. 

Under unfavourable conditions an amoeba be- 
comes encysted, contracting into a sphere and 
surrounding itself by a firm membrane. After 
reaching a certain size, an amceba propagates in 
a peculiar way, splitting into two—undergoing 
fission. Here the nucleus takes the lead, 
elongating and becoming dumb-bell shaped, and 
finally dividing into two, as shown on page 1790. 

To sum up: An ameeba, like any other living 
organism, feeds, breathes, and excretes, exhibits 
contractility and is sensitive, and reproduces its kind. 
Living matter as contrasted with non-living matter is 
characterised by the cycle of activities indicated, to 
which, in all but the lowest forms, death and decay 
may be added. 

In the earlier days of scientific work, when exact 
observation was the exception, and 
vivid imagination the rule, it was very 
generally believed that even such highly 
organised animals as snakes, insects, 
and so on, might be generated “spon- 
taneously’ from decaying matter. 
Though this was gradually disproved 
for such creatures as those named, it 
was believed until comparatively re- 
cently that animalcules and bacteria 
could be formed directly from non- 
living matter. The exact experiments, 
however, of Tyndall and Pasteur 
proved conclusively that this is not 
the case. So far as we know, in this 
stage of the world’s history, organisms 
are derived from pre-existing organisms, 
but if the evolution theory be carried 
to its logical conclusion, the first 
origin of life on the globe must have 
been due to the direct building-up of 
non-living matter into the earliest 
organisms. It would be out of place 
here to enter into the many ingenious 
speculations that have been advanced 
on this subject, but the first forms of 
life must have been of extremely 
simple structure, and one can scarcely 
avoid concluding that they possessed, A. 
like green plants at the present day, 
the power of utilising the sun’s rays in their feeding 
processes. - zs 

For the purposes of this work it may suffice to divide 
the Protozoa into three great groups, roughly distin- 
guished by their means of locomotion—thus, (1) Infusoria, 
in which the body is drawn out into a small number of 
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lash-like threads of protoplasm (flagella), or is more 
or less covered with a larger number of shorter threads 
(cilia) of similar nature ; (2) Rhizopoda, which possess 
pseudopods, either blunt like those of amceba or slender 
in form ; (3) Sporozoa, the adult forms of which do not 
possess any of the organs of locomotion mentioned, 
but typically wriggle about in a somewhat worm-like 
fashion. They are essentially parasitic in nature. 


INFUSORIA 


The members of the first group, Infusoria, were 
first discovered in putrefying infusions of hay 
and other organic substances, a circumstance to 
which they owe their name. They broadly fall 
into three sub-divisions : 

(1) Flagellated Infusoria (Flagellata). 

(2) Cihated Infusoria (Ciliata). 

(3) Tentacle-bearing Infusoria (Tentaculata). 


FLAGELLATED INFUSORIA 


Stagnant pools of rain-water are.often found to 
contain immense numbers of microscopic, spindle- 
shaped animalcules, which, when examined under 
the microscope, are seen to move about like 
minute worms, changing their shape considerably 
meanwhile. They do not do this, however, in 
the same irregular fashion as amoeba, for the 
body is covered by a thin elastic membrane or 
cuticle which prevents the formation of pseudopods. 

These tiny organisms are green in colour, and have 
received the name of Euglena viridis. The pigment 
they contain is identical with the leaf-green (chloro- 
phyll) of green plants, and possesses the power in 
the presence of sunlight of bringing about a reaction 
between carbonic acid gas and water, with formation of 
organic substance and liberation of free oxygen. In 
water swarming with euglena bubbles of oxygen are 
given out to a marked extent, and it is 
imteresting to note that by collecting 
and testing them Dr. Priestley was led 
to the discovery of oxygen. That 
euglena is a single cell is attested by 
the presence of a rounded nucleus, 
and it also possesses a _ pulsating 
vacuole comparable to that of amoeba. 
Close to the latter is a red spot. 

From one end of the body springs a 
long whip-like thread of protoplasm 
(flagellum), which, by its complicated 
lashing movements, is able to propel 
its possessor through the water. From 
the manner of its feeding, as so. far 
deseribed, euglena might be regarded 
as a plant, but close examination shows 
that the flagellum springs from within 
a funnel-like depression that internally 
opens abruptly into the soft proto- 
plasmic interior of the body,:and serves 
for the inward passage of minute par: 
ticles of solid food. The external open- 
ing of the. funnel may therefore be 
regarded as a mouth, and we are pro- 
bably justified in considering euglena as 
an animal which to some extent feeds 
as a plant. 

Euglena propagates (like amoeba) by 
a process of splitting, or fission, and 
at times it contracts into a rounded form and _ be- 
comes encysted, again like amoeba. Within this cyst 
the body may divide into two, four, or more parts, 
each of which becomes a new animal when the wall 
of the cyst ruptures. 

The members of the great army of flagellates differ as 
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to the number of flagella present. Among those with indeed, regarded as such by some authorities. These 
one only, as in euglena, are the deadly parasites known forms may be aggregated into colonies, one of the 
as trypanosomes, which spend part of their lives in most beautiful of which is the fresh-water Volvox, which 
insects (or ticks) and part in human beings or other is a hollow sphere about the size of a small pin’s head, 
backboned animals, causing such diseases and slowly revolves as it swims by the 
as sleeping sickness and nagana, or fly disease lashing action of its flagella. New colonies 
(fatal to ox and horse), which are among the are formed by division of some of the cells, 
scourges of Tropical Africa. and these pass into the cavity of the parent 
Another very interesting group is that sphere, which ultimately bursts to liberate 
of the collar animalcules, fixed forms in them, sinks, and dies. There is also another 
which the base of method of  repro- 
the flagellum is sur- duction, in which 
rounded by a collar- egg-cells are formed 
like projection. The (as in higher ani- 
movements of the mals), and_ these, 
flagellum set up cur- after fertilisation, 
rents of water by grow into new 
which food-particles colonies. 
are brought to the In certain species 


animalcule. These three or four flagella 
stick to the outside Sees are present, but it 
of the collar and are PROTEROSPONGIA SPRINGING MONAD NOCTILUCA is characteristic of 
carried down to a these whip-like 
soft spot that serves as a mouth. Some of these threads that they should not occur in large numbers. 
forms are colonial, as a result of imperfect fission. One of the common.causes of the phosphorescence of 


In one particularly interesting case (Proterospongia) the sea is a peach-shaped flagellate (Noctiluca) attaining 
the members of the colony are imbedded in a kind the comparatively gigantic size of about one-fiftieth 
of jelly, and some of them of an inch in diameter. It 
draw in their collars, assume possesses one very large 
»the form of amcebe, and break flagellum, by which swimming 
up into a number of actively is effected, and which springs 
moving zoospores, from which from within a depression like 
fresh colonies arise. We shall that described for euglena and 
find later on that sponges serving the same purpose of 
possess collar-cells very much permitting the entry of solid 
like the animalcules just de- food-particles into the body. 
scribed, and they have very A second and much smaller 
likely taken origin from flagellum takes origin near the 
creatures of the kind, first. Noctiluca multiplies by 
Many of the smallest flagel- fission and also by the forma- 
lates. found in putrefying in- tion of spores preceded by 
fusions are vaguely termed fusion or conjugation of two 
“‘monads,”’ some of which are individuals, somewhat as in 
of particular interest. An the springing monad. 
example is the springing monad Noctiluca was first described 
(Bodo saltans), a pear-shaped by Baker in 1753, and his 
creature only about one three- quaint account runs as_ fol- 
thousandth of an inch long, lows: “A curious inquirer 
and possessing two flagella, one into Nature, dwelling at Wells, 
of which is attached to the upon the coast of Norfolk, 


pointed end, and _ executes VOLVOX GLOBATOR affirms from his own observa- 
swimming movements, while tions that the sparkling of the 
the other one, which takes origin a little behind sea-water is occasioned by insects. His answer to a 
the first, is trailed behind. This second flagellum is letter wrote to him on that subject runs thus: ‘In 


also often used to anchor the animalcule to some . the glass of sea-water I send with this are some of 
firm surface, under which circumstances. it alternately the animalcules which cause the sparkling light in 
coils up and straightens out in a jerky seatwater ; they may be seen by holding the 
fashion ; hence the name of the monad. phial up against the light, resembling very 

The springing monad, like many of its small bladders or air-bubbles, and are in all 
kind, has no mouth, and therefore cannot places of it, from top to bottom, but mostly 
subsist on solid particles, nor, in the absence towards the top, where they assemble when 
of chlorophyll, can it feed like a green plant. the water has stood still some time, unless 
Its food, in fact, consists of liquid sub- they have been killed by keeping them too 
stances absorbed from the infusion in which long in the phial. Placing one of these 
it lives. Propagation is by longitudinal or animalcules before a good microscope, an 
transverse fission, and also by means of exceedingly minute worm may be discovered 
spore formation. Two individuals fuse to- [the large flagellum] hanging with its 
gether. or conjugate, and become an angular tail fixed to an opaque spot in a kind of 
mass surrounded by a firm coat, the contents bladder, which it has certainly a power of 
of which break up into an enormous number CERATIUM TRIPOS contracting or distending, and thereby of being 


of minute particles or spores, which escape by suspended at the surface, or at any depth it 
rupture of the firm wall, and grow into new individuals. may please in the including water.’ 
Some of the members of this group bearing two “ The-above-mentioned phial of sea-water came safe, 


flagella are green in colour, and feed like plants, being, and some of the animalcules were discovered in it, but 
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CILIATED INFUSORIA 


they did not emit any light, as my 
friend says they do upon the least 
motion of the phial when the 
water is newly taken up. He like- 
wise adds that at certain times, 
if a stone be thrown into the sea, 
near the shore, the water will be- 
come luminous’ as far as_ the 
motion reacheth; this chiefly 
happens when the sea _ hath 
been greatly agitated, or after a 
storm.” 

Another phosphorescent flagel- 
late, not much inferior in size to 
noctiluca, is Ceratium tripos, a 
triangular animalcule with its 
corners drawn out into spines. 
There are two flagella, one of 
which wraps round a transverse 
groove. Ceratium and some of 
its immediate allies are abundantly 
present among the minute or small 
forms that make up the floating 
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CILIATED INFUSORIA 


The highly organised animal- 
cules, Ciliata, like the members of 
the last group, may be either free- 
swimming or fixed, and the term 
Infusoria is often restricted to 
them and the tentacle-bearing 
forms to be considered later. A 
very typical form is the slipper 
animalcule (Pavamzcium), which 
can just be seen by the naked 
eye as an actively moving white 
spot in decomposing decoctions of 
hay and similar substances. 

The movements are due to the 
rowing action of innumer- 
able short threads of proto- 
plasm (cilia) which project 
beyond the elastic mem- 
brane or cuticle covering 
the body. Each such 
thread. or cilium altern- 
ately bends and straight- 
ens, and is not thrown 
into the lash-like undula- 
tions that are characteristic 
of flagella. 

Unlike these last, cilia 
are associated in large 
numbers on the same cell, 
their movements being 
correlated to bring about 
some common end, in this 
case locomotion. In one 
way or another cilia play 
an important part in 
almost all the animal sub- 
kingdoms, arthropods (in- 
sects and so forth) ex- 
cepted, and are present 
in even the highest, back- 
boned forms. 

The living substance 
making up the body of 
the slipper animalcule 
is divided into a firmer 
outer layer (ectosarc), from 
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which the cilia spring, and a semi- | 
fluid internal layer  (endosarc), 

which is in a state of constant 
flowing movement. There sare 

two pulsating vacuoles, one near 

either end, and instead of a 

single nucleus, as in ameceba 

and the flagellates, there are two, | 
one large (meganucleus) and the 

other small (micronucleus). There 

is a groove-like depression on the 

body (suggesting the opening of a 

“slipper ”?) which leads to a mouth 

that opens into a short tube 

(gullet) which ends abruptly in the | 
soft interior of the body. 

All these parts are lined by cilia, 
which set up food-bearing currents. 
As in amoeba, there are food- | 
vacuoles, and the undigested rem- _ Feat : 
wants) ef 1eod, ave cast.Out atvat me ae 
soft spot near the pointed hinder 0F MUSSEL ANI- 
end of the body. The ectosarc is ee ee 
packed with elongated capsules (tri- ene eee ie 
chocyts), from which long threads 

are shot out if the animal is subjected 

binges to the action of chemical stimuli. 

hip _ Like so many other animalcules, 
Paramecium propagates by fission. 
There is also a remarkable process 
of conjugation. Two individuals be- 
come applied together, the large nuclei 
disappear, and the small ones undergo 
several divisions. Each of the con- 
jugating animalcules receives a frag: 
ment from the small nucleus of the 
other one, and ultimately large and 
small nuclei are reconstituted. After 
exchange of nuclear material the two 
paramcecia separate and undergo ac- 
tive fission, the process of conjugation 
seeming to have a revivifying action. 

MUSSEL AND TRUMPET 

ANIMALCULES 

The mussel animalcule 
(Stylonychia mytilus) is more 
specialised than the last de- 
scribed form, and effective 
cilia are limited to the fat 
under surface of the body, 
on which it is able to creep 
by means of some curious 
bristles that have been 
formed by the fusion of 
groups of cilia. The 
trumpet animalcule (Stentor) 
is an interesting fresh-water 
form, of comparatively large 
size, being about one twenty- 
fifth of an inch long when 
fully extended. It is com- 
monly found attached by its 
narrow end to duckweed or 
other aquatic plants. A de- 
pression at the broad end 
leads to a mouth and gullet, 
as in the slipper animalcule. 
The large nucleus is much 
elongated and looks like a 
bead necklace, and there is 
! also a small nucleus or 
VORTICELLA rounded form (not shown in 


2, nucleus 3 72, muscle band the figure). 
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In some species of trumpet animalcules a short 
gelatinous tube surrounds the attached end of the body, 
and serves as a refuge into which the little creature can 
withdraw itself. In otherciliates there may be definite 
shells. In Pyxicola, for example, there 1s an invest- 
ment in the form of a goblet, and when the animalcule 
retracts into this, a little lid, or operculum, on the othe 
side of its body closes the shell. ‘There is a somewhat 
similar arrangement in Thuricola, but here the goblet 
has no stem, and the operculum is hinged to its side, 
being drawn down when 
required by a contractile 
filament. 


BELL ANIMALCULES 
Among the most 
familiar types of this 


group are the bell ani- 
malcules (Vorticella), the 
bodies of which are at- 
tached by a long stalk 
containing a wavy thread, 
which on the approach 
of danger is able to con- 
tract, coiling up the stalk 
like a corkscrew. When 
fully expanded the bell- 
shaped body is seen to be 
provided at its broad end 
with a short spiral of 
cilia, which set up food- 
bearing currents that flow into a groove, at the bottom 
of which the mouth is situated. This opens into a 
gullet which, as in the slipper animalcule, ends 
abruptly within the soft endosarc. The large nucleus 
is a curved band, while the small nucleus is rounded. 
A pulsating vacuole is present in the neighbourhood of 
the mouth. 

The bell animalcule propagates by longitudinal 
fission, one of the two individuals produced keeping 
the stalk, while the other swims away, becomes attached, 
and grows a new stalk. Sometimes a fixed vorticella 
rapidly divides several times to produce a number of 
free-swimming’ bells, which have to 
dowith a remarkable process of con- 
jugation. One such little bell per- 
manently fuses with a large fixed 
one, andremarkable nuclear changes 
then take place, comparable to 
those described for the slipper ani- 
malcule. Although in this case con- 
jugation actually reduces the 
number of individuals, 
fuse into one, this 1s made up for 
by the increased vigour resulting, 
which shows itselt in active fission. 

In some of the close allies of the 
ordinary bell animalcule, 
are produced by imperfect fission. 
Carchesium, for instance, is:a tree- 
like colony of the kind; each indi- 
vidual of which resembles a vorti- 
cella. Another colonial form is the 
nodding bell animaleule (Ep7stylis), so called because 
the bells droop down when irritated. 
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TENTACLE-BEARING INFUSORIA 


The group Tentaculata appears to be an offshoot 
from the Ciliata. They are solitary or colonial, in 
either case being distinguished by the possession of 
curious tentacles, by which various kinds of animal 
prey are pierced and sucked. A simple form (.1cineta) 
and a bud-producing type (Hemiophrya) are figured. 


a typical example. 
or flagellum in being a temporary instead of a permanent 
structure, and is simply 
protoplasmic body. 


A, QUADRULA; B, DIFFLUGFA® C, ARCELLA 


RHIZOPODA 


Possession of pseudopods, blunt or thread-like, 


distinguishes the large group of animalcules termed 
Rhizopoda, and amveba has already been described as 


A. pseudopod differs from a cilium 


an overflowing of the soft 


The following orders may be distinguished: (1) 
Amoebas (Lobosa). (2) 
Foraminifera. (a\ i= Sut 
Animalcules (Heliozoa). 


Animalcules 
Fungus 
(Myce- 


(4) Ray 
(Radiolaria). (5) 
Animalcules 
tozoa). 
LOBOSA 

Although different 
kinds of proteus animal- 
cules (Ameéba, etc.) are 
found almost every- 
where, the members of 
the order Lobosa are 
predominatingly fresh 
water, or inhabitants of 
damp places on land. 
They are found as 
parasites in the intestine, 
giving rise to a kind of 
dysentery. ~ 

Some forms are characterised by the possession of a 
shell. In the simplest case (Diffiugia) the body secretes 
a sticky covering to which grains of sand adhere, while 
in other forms there is a shell of horny nature. In 
Ouadrula this resembles a short flask in form and is 
made up of square plates, while the shell of Arcella is 
hemispherical, with a rounded aperture below. The 
latter animalcule is able to secrete bubbles of gas 
(gas vacuoles) in its protoplasm, and these enable it 
to float in water. 


also 


HEMIOPHRYA 


FORAMINIFERA 

unifera includes a great variety of 
shell-bearing animalcules, most of 
which are marine In the majority 
ot cases the shell is composed of 
carbonate of lime, and many of the 
limestones which help to build up 
the solid framework of the globe 
are largely composed of the shells of 
these minute creatures. The pseudo- 
pods are slender and branching ; they 
often fuse into networks. 

It is convenient to divide the 
order into two .groups, Imperforata 
and Perforata. In the former group 
the shell, when calcareous, looks like 
white porcelain, and the pseudopods 
are protruded through one or a few 
comparatively large apertures. But 
in the perforate forms the calcareous 
shell is of glassy appearance and is 
pierced by innumerable little pores. 
It is this circumstance which has given the name to the 
order (Lat. foramen, an aperture ; fevo, I bear). 


The order Forai 


IMPERFORATA 


A simple type (Gromia), common to salt, fresh, and 
brackish water, is represented in the figure. Here there 
is an ovoid membranous shell, from the single aperture 
of which numerous slender pseudopods project, while 
others arise from a thin layer of protoplasm covering 
the shell. 
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As in amceba, the pseudopods are 
used to secure food, and also to effect 
creeping movements. 

Some of the imperforate Forami- 
nifera construct variously shaped shells 
of sand-grains cemented together. 
Two kinds with irregular shells of 
this kind are represented below. 
The calcareous shells of imperforate 
species possess varying number | of 
chambers, arranged in different ways. 
The form represented (Mviliola) is one é 
of the several closely allied types which A: 
make up the important “‘ Miliolite ae 
limestone,’ largely employed as a ‘ 
building stone in Paris and its neigh- 
bourhood. A spiral species (Peneropiis) 
also is shown on page 1796, the front 
view (on the right) exhibiting the 
narrow aperture through -which the 
pseudopods are protruded. 

Some of the imperforate types are 
very complicated. The coin-shaped 
Orbitolites figured below may attain a 
breadth of more than half an inch, and 
is made up of a very large number of &..—. fos. 


FORAMINIFERA 


is often applied to them. The shells 
of the same form are also an important 
constituent of chalk, which is simply a 
consolidated foraminiferal ooze, de- 
posited on the floor of an ocean that 
stretched from the southern part of 
what is now North America west- 
ward through Europe into Asia. 
Polystomella, illustrated on pages 1796 
and 1797, is a spiral form of complex 
structure. An idea of its internal 
| form may be gathered from the 
, illustrations on page 1796, which 
represents the soft portoplasm after 
the calcareous investment has been 
dissolved away by the action of acid. 
A closely allied coin-shaped form (Num- 
mulina), some species.of which attained 
the size of half-a-crown, was exceed- 
ingly abundant during the early part 
of the Tertiary epoch, its shells build- 
ing up the “ nummiulitic limestones,” 
of which Sir Charles Lyell says: “ The 
nummiulitic limestone, with its charac- 
teristic fossils, plays a far more con- 
--- ~~) spicuous part than any other Tertiary 


compartments which have been EGG-SHAPED GROMIA group in the ‘solid framework of the 


successively built up round an original 


earth’s crust, whether in Europe, 


spiral chamber (see figure). The most complex of Asia, or Africa. It often attains a thickness of many 


these compartments are on the outside, and here, too, 


thousand feet, and extends from the Alps to the Car- 


MILIOLA TENERA 
Showing network of pseudopods 


are the openings through which the pseudopods project 
to the exterior. 
PERFORATA 

Here, again, we have many different kinds of shell, vary- 
ing in the number 
and arrangement of 
chambers. One of 
the most interesting 
forms is perhaps 
Globigerina, which 1s 
particularly abund- 
ant in the calcareous 
deposits which cover 
a large part of the 
ocean-floor at the 
present day, so much 
so that the name of ae a , 
“ Globigerina ooze ”’ YOUNG ARCELLA, 4, bit of shell 


A, HYPERAMMINA RAMOSA ; B & C, ASTRORHIZA LIMICOLA 


B, entire ; C, cut open 


pathians, and is in full force in the north of Africa, as 
in Algeria or Morocco. It has also been traced from 
Egypt, where it was largely quarried of old for the 
building of the Pyramids, into Asia Minor, and across 
Persia, by Bagdad, to 
the mouths of the 
Indus. It occurs not 
only in Cutch, but in 
the mountain ranges 
Wie lalwlal RSNA 2S 
Scinde from Persia, 
and which form the 
passes leading to 
Cabul; and it has 
been followed still 
further eastwards 

into India, as far as 
SHELLS OF GLOBIGERINA Eastern Bengal and 
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the frontiers of China.’’ The spindle-shaped Fusulina, 
which resembles a Nummulina drawn out at right 
angles to the plane in which its chambers are dis- 
posed, may be as much as half an inch in length. 
Thick limestones belonging to the Carboniferous period, 
and built up of its shells, are widely distributed in 
Europe, Asia, and North America. : 


SUN ANIMALCULES 

Sun animalcules (order Heliozoa) are fresh-water 
forms with a rounded body and numerous stiff radiating 
pseudopods, which suggest the conventional figure of 
the sun, and hence gave the name to the group. They 
may be entirely without a firm skeleton, as in the 
common sun animalcule (Adinophrys sol), here figured, 
or there may be radiating siliceous spicules, as in the 


ORBITOLITES 


A, from above; &, transverse section; C, diagram illustrating the transition 
from the simplest to the most complex type of chamber 


green sun animalcule (Acanthocystis chetophora), which 
owes its colour to the presence of minute alge within 
the protoplasm, or again, as in the lattice animalcule 
(Clathrulina, see figure), there may be a shell in the form 
of a hollow sphere with numerous rounded openings, 
through which the pseudopods are protruded. In the 

. last case a stalk is 
present. 


RAY ANIMALCULES 


The ray animalcules 
(order Radiolaria) are 
among the most com- 
plicated cells to be 
found in the whole of 
the animal kingdom, 
one characteristic point 
being the presence of 
a membranous capsule 
within the body, inter- 
nal to which is the 
nucleus. There is 
usually a flinty skele- 
ton, which assumes 
the most complicated 
forms, as will be seen 


by reference to the 
illustration on page 


1768, which typically 
includes some radia- 
ting spicules, whence 
the name of the order. 

These animalcules 
live at various depths 
in the sea, and are of 
different colours—red, 


LATTICE ANIMALCULE 


blue, and yellow. The surface 
forms commonly contain “ yel- 
low cells,” which are in reality 
minutealgze. The association is 
a case of mutualism, or symbi- 
osis, where two forms of life are 
intimately associated to the 
benefit ofboth. Some of the 
deepest parts of the ocean are 
covered with “radiolarian 
ooze,”’ mainly composed of the 
shells of these little creatures, 
which are able to resist the 
solvent action of sea-water 
under great pressure ; this not 
being the case with the calca- 
reous investments of forami- 
nifera. Loose siliceous deposits 
of late Tertiary age, found in 
the Barbadces_ (‘‘ Barbadoes 
earth ’’), Greece, Sicily, and 
the Nicobar Islands, are com- 
posed of radiolarian Shells, and 
prove that parts of the floor of 
the very deep sea have been 
upheaved in , comparatively 
recent times. Compact siliceous 
rocks (‘‘radiolarian cherts’’), 
which exist in some of the older geological formations, 
demonstrate the same thing for very remote times. 

Propagation takes place by fission, while at times 
the body of a ray animalcule will divide into a number 
of motile helmet-shaped “‘spores’”’ provided with 
flagella. These are sometimes all of the same size, or 
they may be of two sizes, large and small. It is 
probable that conjugation takes place between them. 
Some of the ray animalcules are colonial. 


SOFIE BODY OF POLY- 
STOMELLA 
a, nucleus 


PENEROPLIS PERTUSUS 
a, lateral, and 4, front view 


* FUNGUS ANIMALCULES 
The order Mycetozoa includes a number of proble- 
matic forms, considered by many botanists to be plants 
and not animals. They are commonly found as jelly- 


ANIMALCULE 


SUN 
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SPOROZOA 


ese ee 
like masses on bark, spent tan, and in similar places. 
Projecting from the mass are so-called “fruits” of 
various shape, the contents 
of which break up into a 
number of small rounded 
‘spores,’ with firm coats. 
When such a spore germi- 
nates its coat splits open, 
and the protoplasmic con- 
tents emerge, resembling at 
this time one of the flagel- 
late animalcules with a single 
flagellum, but without any 
firm investment. After a 
time these little bodies draw 
in their flagella and assume the shape of minute 
amcebze, large numbers of which fuse together to form 


~ POLYSTOMELLA - 


FUNGUS ANIMALCULES 
A, B, fruits ; C, D, spores ; £, flagellate stage ; F, amoeba stage ; G, plasmodium 


‘ 


a creeping “‘plasmodium,” that at first moves about 
and feeds like a huge amoeba, ultimately settling down 
and producing “‘ fruits.”’ 


SPOROZOA 


There is a large group of 
parasitic animalcules (Sporo- 
zoa) which reproduce by 
minute spores, and are re- 
sponsible for many kinds of 
disease. It may be pointed 
out that malarial diseases are 
due to their presence, one 
stage of the life-history being 
passed through in a mosquito, 
and the other in the blood of a human being who has 
been bitten by that insect. 


METAZOA 


[THE animalcules, or Protozoa, which have just been 

described are distinguished from all other animals by 
the fact that their bodies are single cells, in other words, 
they are one-celled, or unicellular. It is convenient to 
lump together as Metazoa all the remaining groups of 
animals the bodies of which, being made of a number 
of cells, are multicellular. An individual animal of 
this kind may be looked upon as a colony of very closely 
associated units, divisible into tissues, or aggregates of 
cells specialised in different ways to suit them for the 
discharge of special functions. In higher animals, 
for instance, we have muscular tissue, made up of elon- 
gated cells concerned with movement ; nervous tissue, 
composed of star-shaped cells drawn out into slender 


conducting fibres ; and so forth. In the lower Metazoa, 
which will be first considered, the division of physiological 
labour is ill-marked, and therefore the tissues are not 
well defined. 

In the foregoing account of Protozoa a number of 
colonial forms have been described or mentioned, but 
these differ from simple Metazoa in the fact that the 
individual cells of the colony are all alike. Epigram- 
matically expressed, such a colony is “ morphologically 
multicellular, and physiologically unicellular.’ In 
such colonial Protozoa as Volvox, however, the cells 
are not all alike, and this perhaps gives a hint of the 
way in which Metazoa have descended from colonia! 
Protozoa 
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SUBKINGDOM 


PONGES are many-celled fixed animals living for the 
most part in the sea, although a small number are 
inhabitants of fresh water. They are undoubtedly to 
be considered as the lowest Metazoa, to the other sub- 
kingdoms of which they do not, however, seem to be 
related, having in all probability had an independent 
origin from one-celled animals akin to the Protozoa. 


Examination of the illustrations belonging to this 
chapter will show that these creatures exhibit a large 


variety in form, which is partly due to the fact that 
many of them are colonies in which the individual 
members are ‘ill-defined. The familiar -toilet article 
known as a “ sponge” is the horny skeleton of such a 
colony, and though probably even yet regarded by 
many persons as of plant nature, it was recognised by 
Aristotle as belonging to the animal kingdom. 

A simple sponge is shaped like a vase, with its walls 
perforated by numerous pores, and examination of 
living specimens shows that currents of sea-water con- 
tinually flow through these pores into the central cavity, 


PORIFERA—SPONGES 


like the collar animalcules elsewhere described. Owing 
to this it has been conjectured that sponges have 
descended from colonial animalcules of this kind. 

The more complex sponges, largely of colonial nature, 
differ from the simple form described in the reduction 
of the central cavity, and the thickening of the walls, 
which are traversed by a system of canals having a more 
or less elaborate arrangement, and in which the collar- 
cells are very generally restricted to localised rounded 
swellings of the canals. 

We may take as an example the colonial form known 
as the crumb-of-bread sponge (Halichondria panicea) 
which is supported by siliceous spicules. This is com- 
mon on the British coast, and may be found near low- 
tide mark as a green, brown, or orange crust spreading 
over rock surfaces. The surface of the colony is studded 
with conical projections, at the end of each of which 
an osculum is situated.™ Numerous pores can be de- 
tected between these. Probably each cone corres- 
ponds to an individual, but the boundaries between 


ASCON "SPONGE 


A, tranverse section; B, collar-cells Arrows show 


and make their exit by the main opening, or oscule, 
of the vase. In this way minute organisms and 
nutritive particles are brought to the sponge as food, 
together with the oxygen needed for breathing, while 
the various waste products are swept out of the central 
cavity. 

The: wall, of the simple sponge is supported and 
strengthened by three-rayed spicules composed of 
carbonate of lime. Spicules of lime or silica, variously 
shaped and arranged, are found in the great majority of 
sponges, serving not merely as a support, but as a 

rotection against predaceous fishes and other animals. 

e unpalatability of sponges is often increased by 
a deterrent odour, and the bright tints some of them 
possess may very possibly be considered as an example 
of warning coloration. 

The constant flow of water-currents, upon which 
the life of a sponge depends, is brought about by the 
lashing of flagella, attached to collar- cells, very much 
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currents entering surface and leaving by oscules 
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Calcareous a 


SPONGE 


scon sponge 


the members of the colony are not clearly defined. 
The accompanying figure represents a part of such a 
colony, and the directions of the water- currents are 
indicated by arrows. 

Sponges are classified in accordance with the chemical 
nature and arrangement of the spicules, and the follow- 
ing scheme will serve as a guide: 

CALCAREOUS SPONGES 
Class CALCAREA—Spicules calcareous 
GLASS-SPONGES 
Class HEXACTINELLIDA—Spicules siliceous and six-rayed 
COMMON SPONGES 


Class Demosroncta—ypicules, when present, siliceous, and- commonly sup- 
plemented by horny fibres 


1. FOUR-RAYED SPONGES 
Order TErRACTINELLIDA—Pour-rayed spicules present 
2. FLESHY, SPONGES 
Order Carnosa—Outer part of the body firm, developed 


3. SINGLE-RAYED SPONGES 
Ordek Mon axontva—Most of the-spicules simple needles or rods 
as 4. HORNY SPONGES 
ORR 


Ceratosa—Skeleton chiefly composed of horny fibres 


CLASS CALCAREA— CALCA EOUS=SPONGES 


TH calcareous spicules present in the class Calcarea 
may be simple needles, or else possess ‘three or 
four rays. The simple sponge already described be- 
longs. to this group, and a common ‘branching form 
of similar structure is L eucosolenia. Both belong to the 
‘“ascon ’’ type, in which the central cavity is lined by 
collar-cells. The “ sycons ’ are mepre complex, their 
walls consisting of a series of tubes, lined by collar- 
cells, and opening into the central chamber, from which 
such cells are absent. , 
A common British “ample (Grantia compressa) 


isa little flat, white bag, about an inch long, and found 
attached #to rock or seaweed. The accompanying 
figure gives the early stages in the development of 
another hic (Sycandra vaphanus). The earliest stage 
shown Bee of large rounded granular cells at 
one ae vane elongated flagellated ones at the other. 

By means‘at the latter active swimming is eftected, 
the flagella being in front. That the embryos or larvae 
of fixed animals should possess active powers of loco- 
motion is a general rule, and may be regarded as a 
provision for “the sistribution of the species, After a 
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time the larva alters its shape (b), and then the flagel- 
lated half becomes tucked into the other, so that a 
double-walled cup results (c).. After this the embryo 
becomes attached by the opening of the cup, pores 
and an osculum are formed, and numerous projecting 
spicules developed (d). 


(oscule) is covered by a pertorated plate. The cut 
represents a section through a small part of the wall, 
with six of the elongated chambers lined by collar-cells. 

The Japanese glass-rope sponge (Hyalonema) is an 
extraordinary form in which the thick-walled cup 
constituting the body is anchored in the mud by a 


A-D, DEVELOPMENT OF SYCANDRA, 


The canal system of the “leucon’’ sponges is still 
more complex, and the collar-cells are limited to special 
chambers connected by one set of canals with the ex- 
terior, and by another set with the central cavity. 

Six-rayed spicules belonging to members of the class 
Hexactinellida are depicted in the accompanying figure. 
A great variety of form results from suppression or 
specialisation of one or more of the rays, and many of 
the spicules are interwoven or fused to constitute 
a continuous skeleton. The typical shape of the body 
is that of a vase. One of the simplest forms (Bathy- 
dovus) has been dredged from a depth of 2,900 fathoms 
in the North Pacific, and is in the form of a soft, 
thin-walled tube 7 inches long and 2 inches broad. 

The beautiful sponge known as Venus flower-basket 
(Euplectella aspergillum), represented on pages 1767 and 
1817,andanumber of allied species are found up to depths 
of 2,550 fathoms in several parts of the world, the seas 
off Japan and the Philippines being particularly noted for 
them. ‘The figured species is in the form of a curved 
tube, which may be as much as 18 inches long, and is sup- 
ported by an elegant glassy skeleton, covered with brown- 
ish flesh in the living animal. The opening of the tube 
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SILICEOUS SPICULES 
OF MONAXONID OF 
SPONGES 


E, SECTION OF WALL OF VENUS FLOWER-BASKET, 


SILICEOUS SPICULES OF SIX-RAYED 
SPONGES 


SHOWING SOFT PARTS 
“glass rope,’’ consisting of a bundle of long, twisted 
spicules. An alhed form (Sempevella) is shown on the 
right of page 1767. Another very extraordinary type 
(Monorhaphis) does not possess a “ glass rope,’’ but 


is anchored by a single gigantic spicule, over 9 feet 
long and as thick as the little finger. 

An interesting Philippine sponge (Polylophus), shown 
on the right front of page 1767, is a short, broad cup 
anchored by tufts of spicules, and remarkable for its 
bud-producing powers. A number of the buds are 
shown in the figure. 

The Japanese genus Periphragella (4 on page.1767) 
is in the form of a curved funnel covered with a network 
of tubes, while in Farvea (3 on page 1767) there is a 
series of forked glassy tubes. Carpenter’s glass-sponge 
(Pheronema) is another elegant type, of which an 
illustration is given. 

The remains of six-rayed sponges abound in the 
Chalk, one of the most familiar being the elegant funnel- 
shaped Ventyiculites. Vhe numerous flints of the Upper 
Chalk are often deposited round such sponges, and the 
siliceous material of which they are composed has been 
largely derived from sponge spicules. 


CARPENTER’S GLASS- 
SPONGE, 
PHERONEMA 
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COMMON SPONGES—CLASS DEMOSPONGIA 


HE class Demospongia includes the four orders of 
four-rayed, fleshy, single-rayed, and horny sponges. 
FOUR-RAYED SPONGES 
Of these the four-rayed sponges (order Tetractinel- 
lida) of this group mostly live in shallow water, and the 
figure on page 1799 shows some of 
the typical four-rayed spicules. 


FLESHY SPONGES 


In the small group of fleshy sponges 
(order Carnosa) there is a firm bark- 
like outer layer, surrounding a softer 
portion in which are contained the 
chambers lined by collar-cells. The 
Mediterranean sea-kidney (Chon- 
drosta) is here figured, and the large 
single oscule is clearly seen. 


SINGLE-RAYED SPONGES 


The order Monaxonida includes most of the British 
sponges, as well as the majority of shallow-water forms 
in all parts of the world. 
The firm skeleton consists of 
simple, needle-shaped 
spicules, commonly cemented 
together by horny material, 
and of smaller flesh spicules 
with thickened or anchor- 
like ends. 


BREAD-SPONGE 


The crumb-of-bread sponge 
(Halichondria panicea), to 
which allusion has already 
been made, is one of the 
commonest members of the 
order, and the large form 
known as Neptune’s cup- 
sponge (Poterium), which is 
3 or 4 feet in height, is also 
well known. 


to the presence of granules containing chlorophyll in 
the surface layers. It is doubtful whether these granules 
are a part of the sponge itself or are to be regarded 
as alge, but in any case the pigment present enables 
the associated- protoplasm to build up organic matter 
from 


carbonic acid gas, thus aiding the 
nutrition of the sponge. 

It commonly happens that fresh- 
water organisms die down during the 


water and 


winter, but have special ways of 
preventing the extinction of the 
species. This is the case with the 


fresh-water sponge, which produces 
innumerable buds, or gemmules, in 
the autumn. These are able to remain 
dormant during the winter, growing 
into new sponges the following spring. 


LEATHER-SPONGE HORNY SPONGES 


In the order Ceratosathe skeleton mainly consists 
of a complex network of horny fibres, the chemical 
composition of which resembles that of silk. Here 
belong the different kinds of toilet and bath sponges, 
which are of considerable 
economic importance, and 
for which no really efficient 
substitute has so far been 
invented. 

The Turkey cup-sponges 
(Euspongia officinalis) are 
of the finest quality, the 
related zimocca, or hard, 
sponge (£. 2imocca), largely 
imported from the West 
Indies, being harsher and 
more brittle. Its form is 
that of a rounded disc, with 
a flat upper surface and 
convex lower one. The 
larger and coarser  bath- 
sponge, or horse-sponge 
belongs to a different genus 
(Hippospongia). The finest 


Oyster-shells and _ pieces toilet sponges come from the 
of limestone riddled by Eastern Mediterranean, the 
numerous excavations may zimocca kind from _ the 
often be picked up on the Mediterranean and West 
shore. The tunnelling they Indies, and bath - sponges 
exhibit is the work of a from the West Indies and 
boring sponge (Cliona), but ; ‘ Florida. In the case of the 
how it is effected is un- MTGE a PEUALSPONGE Mediterranean sponge- 
known. Such sponges. are fisheries, which date from 
a notable pest in oyster fisheries, and on some lime- very ancient times, divers and drag-nets are em- 
stone coasts they assist to a serious extent in the ployed. The fisheries of the West Indies and 


erosion of the land, for rocks which have been bored 
by them, it may 
be to a depth of 
several feet, disin- 
tegrate very 
rapidly. 


FRESH-WATER 
SPONGES 

The order. in+ 
cludes the fresh- 
water sponges, of 
which two common 
British — species 
(Euspongilla lacustris and Ephydatia fluviatilis) encrust 
wooden piles and the stems of water-plants. The 
former species is often of a bright green colour, owing 


LIMESTONE BORED BY SPONGE 


Florida began about 1849, and the sponges are there 
secured by means 
of tridents attached 
to long wooden 
handles. 

Sponges at some 
depth are difficult 
to discover when 
the surface is 
ruffled. This diffi- 
Cults 2's 8s tore 
mounted by the 
use of a sponge- 
glass, which i 


SECTION OF BATH-SPONGE 


. . 1S 
simply a bucket or tube with a piece of glass at its 
lower end. 


J. R. AtNswortTH-Davis 
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SUBKINGDOM CCELENTERATA 
JELLY-FISH, CORALS, AND SEA-ANEMONES 


ORALS, jelly-fish, and sea-anemones constitute the 

great subkingdom known as Ccelenterata. The group 
comprises all those creatures in which the internal 
space corresponding with the alimentary canal _ of 
other animals is not a closed canal running through 
the body, but is commensurate with the whole cavity 
of the body. Consequently there are no _ spaces 
answering to the body-cavity of the vertebratés 
between the wall of the alimentary canal and the outer 
wall of the body. 

A study of the earliest growth of the ccelenterates 
has shown that their internal cavities are nothing more 
than regular radiate outgrowths of the intestine, and, 
like the latter, come from the primitive intestine of the 
larva. The result of this development is a condition 
which does not occur elsewhere in the whole animal 
kingdom. We have no separate digestive canal, 
no closed blood vascular system, and no specialised 
respiratory apparatus. There is only a system of 
cavities, all in open communication with one another, 
occupying almost every corner of the body. 

Again, the ccelenterates. are radiate in structure— 
that is, when seen from above they are typically 
star-shaped ; and if a ccelenterate be cut across, every 
horizontal section shows a symmetrical arrangement 
of the parts around a centre. The shape, in fact, 
is precisely what might be expected in forms which 
are either fixed or swim without any side of the body 
taking the lead, for under such circumstances the 


the case here. 


surroundings are the same all round, and, the reaction 
of such sutroundings being similar on every side, a 
radial form is assumed. 

If the body of a swimming type steadily revolved, 
all points of the body would be exposed in turn to 
the same influences and the ideally symmetrical form— 
the sphere—would be attained. This, however, is not 
The side of a ccelenterate turned 
towards the light is always different in form and 
structure from the side that remains in comparative 
darkness. When coelenterates form calcareous skeletal 
structures, the anterior end of the body, crowned 
with one or more circles of tentacles, remains soft and 
flower-like. ~ The most highly developed Ofethe mance 
forms, however, such as the sea-anemones and the jelly- 
fish, have no hard skeleton at all, but are amongst 
the most delicate and beautiful objects in the realm 
of living Nature (page 1817). 

Coelenterates have failed to make any way in fresh 
water, not to speak of the land. <A few free-swimming 
jelly-fish, and a minute attached polyp, are, indeed, 
found in fresh water, but these can hardly be looked 
upon as successes. It is very interesting to note that 
fresh-water jelly-fish are chiefly found in Lake Tan- 
ganyika, which there is reason to suppose was once 
an arm of the sea. The coelenterates have a special 
interest, since they are considered to represent a stage 
in the development of animal life through which all 
the higher forms have passed. 


GROUP CTENOPHORA—COMB-JELLIES 


At tTHOUGH all are agreed that the comb-jellies are 
members of this subkingdom, their exact position 
is not clear. They are glassy, transparent creatures, 


either shaped like apples, melons, or Phrygian caps, 
or else forming bands, often a yard in length and 
Several types are shown in 
marvellous 


thickened at the middle. 
the illustration on page 1766. 
transparency of all but one (Beroé) 
is specially remarkable. They in- 
habit the open sea, or are driven by 
currents and winds near the coast | 
and into harbours. Their position 
in the water is usually more or | 
less vertical, the mouth being turned | 
downwards. The organs from which 
this group takes its name are the 
ribs, which either run from pole 
to pole, or else only for certain 
distances along the meridians, which 
are often symmetrically arranged. 
These ribs consist of rows of short 
transverse combs, each being formed 
of a row of cilia. The cilia forming 
a comb are connected together at 
their bases, but are also capable of 
independent movement. As they 
wave to and fro, they constitute 
what is called aswimming orrowing | ~~ 
plate. The activity of these rows | 
of plates depends upon the will of 
the animal, which can move either 
the plates of a single rib or all the ribs together: 
this latter movement resulting in slow locomotion in 
the direction of the apical pole—namely, the pole turned 
away from themouth. The body is capable of various 
movements, for in addition to the rowing plates there 


D 34 


The 


CYDIPPE 


or deviations from the line of 
instantly felt. 


are other structures, such as the oral umbrella, and 
the capturing filaments, or tentacles, with their hair- 
like branches. These tentacles, which are attached 
like arms at the sides, are capable of erection, or of 
withdrawal into pockets. 
There is great variety in the development of these 
accessory organs of locomotion. For instance, the 
~ <--»- Cydippid@ have only arms, which, 
with their branches, serve for 
capturing food as well as_ tor 
steering. In other groups, vertical, 
' oar-like, dermal folds stand out from 
the body, by means of which the 
_ movements become more rapid and 
_ energetic. Some species of Eucharis, 
by suddenly shutting up the oral 
umbrella, can jerk themselves for- 
ward ; and when successive jerks 
of this sort cause the body to move 
' with greater speed than usual, the 
arms are withdrawn into their 
pockets or stretched backward like 
a rudder. This power of free loco- 
motion necessitates some regulating 
organ, so that the desired direction 
OF position of the body may be 
~~ maintained.” Such an organ exists 
~ at. the apical pole of the body, 
, and may be described as consisting 
of a small weight borne on springs, 
by which the oscillations of the body 
movement can be 


The ventrally-placed mouth is like a large slit 


between the folds of the umbrella, and leads into a 
stomach which is either tubular or flattened. 
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The food 


HARMSWORTH NATURAL HISTORY 


is digested in this stomach, the indigestible parts, 
mixed with mucus, being again ejected through the 
mouth. The upper end of the stomach is in direct 
communication with the funnel-shaped space of variable 
width. From this funnel-like cavity canals arise, which 
branch and run below the outer surface, following the 
lines of the ribs. This funnel further possesses an 
aperture of its own, opening on the exterior, in the region 
of the apical pole. Within the funnel is found a fluid 
substance containing particles of the food-pulp drawn 
in from the stomach, but consisting chiefly of water, 
taken in voluntarily ; this fluid being kept in motion 
by ciliary action through the canal system. Although 
water is also sometimes taken in through the proper 
apical aperture of the funnel, this aperture seems prin- 
cipally to-serve for the ejection of the fluid when of no 
further use. It is then also mixed with waste matters 
from the body. Stinging-cells, such as occur in the 
next group, have as yet been found in only one species 
of ctenophore (Haeckelia rubra), and then only in small 
numbers. 

Instead of stinging-cells, the ctenophores have 
adhesive cells, or small hemispherical knobs found on the 
tentacles, or captur- ? 
ing filaments ; these 
being provided with 
elastic, spirally- 
coiled stalks, but 
containing no 
poison. These knobs 
are beset with 
sticky globules, to 
which small 
animals, such as 
minute crustaceans, 
easily become at- 
tached. Ifthe prey 
attempt to escape, 
the spiral thread by 
which the knobs are 
attached becomes 
stretched. When 
the thread is with- 
drawn, it more or 
less entangles the 
victim, and, being, 
like the knob, pro- 


vided with a great ~~ + 
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particles, renders 

escape impossible. 


Ctenophores feed upon all kinds of small pelagic 
animals, especially crustaceans, while they themselves 
fall a prey to the disc-shaped jelly-fish and sea-anemones. 
The largest specimens are, as a rule, found in waters 
sheltered from the wind. They are to be seen through- 
out the year, but are most plentiful during the spring 
months, and become rarer towards summer, when some 
species, such as Venus girdle, almost completely dis- 
appear. In the early autumn, however, great swarms 
appear, especially of Cestus and Beroé. Insignificant 
as these delicate creatures may appear, they delight 
the eye, both while living and after death, by their 
luminosity. This is principally displayed in the walls 
of the canals below the ribs. 

The Ctenophora are hermaphrodite; sexually mature 
animals of many species being found throughout the 
whole year, while others occur only in spring, summer, 
or winter. The young pass through a metamorphosis, 
or have larval stages which precede the definite 
form. In at least one species (Eucharis multicornis) 
sexually mature larve, or larvee which are capable of 
reproduction as such, also occur; these, when 


completely developed, become once more capable of 
reproduction as adults—a method of multiplication 
which has been called dissogony. 

The most interesting, if not the most beautiful, 
of the Ctenophora are the Bevrocde—shown in the 
illustration on page 1766—which resemble Phrygian 
caps in shape. In section they are oval; the mouth 
is wide, and they have no capturing filaments, or ten- 
tacles, and therefore no adhesive cells. They attain 
a size of 8 inches, and are of a delicate red colour, which 
appears marbled. This appearance is due to the 
branching of the eight principal canals above described, 
the ramifications forming a network. Beyvoé forskalia, 
shown on page 1766, is found in the Mediterranean. The 
Beroide are carnivorous, feeding on their own relations 
of other genera. 

The Cydippide are conical, or barrel-shaped, with 
the ribs uniformly developed, and two opposite ten- 
tacles, as shown in the figure on page 1801. The species 
figured 4 on page 1766 is Hormiphora plumosa from the 
Mediterranean. The remarkable Venus girdle (Cestus 
veneris), shown in the annexed illustration, is so called 


‘because the body is Tengthened out sideways like a 


ribbon, so that the 
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VENUS GIRDLE 


mouth is found on 
the under edge of 
the ribbon half-way 
alongit. The ribbon 
is edged with cilia, 
corresponding with 
the ciliated combs 
of the body proper. 
An additional 
charm is added to 
this beautiful form 
by its lively, grace- 
ful movements, the 
ribbon assuming all 
possible curves. If 
roughly touched, it 
rolls up spirally, be- 
ginning at one end. 
When undisturbed, 
its ribbon-like out- 
growths are some- 
times stretched out, 
tere sometimes more or 
faeeem less rolled up, or 
else the one is rolled 
up and the other 
extended. It can, 
like other Ctenophora, keep itself in motion by the 
mere play of its cilia, but it also uses the undulating 
movements of its ribbon-like body. The transformation 
of the larva after leaving the egg is complicated. The 
young larva is shaped liked a balloon, and possesses 
two principal tentacles provided with lateral filaments; 
it has further, on each rib, four to five swimming-plates. 
At this stage this larva resembles the adults of some 
other species of Ctenophora, and only by degrees, after 
passing through many other stages, assumes the form 
of the girdle. 

A few ctenophores (Celoplana and Ctenoplana) 
have taken to creeping, and as a result of this mode 
of life they have become two-sided, though they 
are not bilaterally symmetrical—there being no 
distinction between head and tail ends. Probably, 
however, the bilateral symmetry characteristic of 
animals higher than colenterates resulted from the 
assumption of a creeping habit on the part of remote 
radially symmetrical animals, and it is interesting to 
notice that the creeping ctenophores resemble in many 
ways some of the lowest flat-worms. 
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GROUP CNIDARIA 
CHARACTERISTICS OF THE STINGING C@LLENTERATES 


‘TBE Cnidaria, or stinging ccelenterates, which comprise 
the sea-anemones, corals, jelly-fish, and the little 
fresh-water polype or hydra of English ponds, receive 
their name from the so-called stinging-capsules found 
in their skin, which may be regarded as the homo- 
logues of the adhesive cells of the ctenophores. Before 
describing these offensive and defensive weapons, it 
is necessary to obtain some idea of the animals which 
use them, these cnidarians having departed less from 
the simple ccelenterate type than have the Ctenophora, 
in which this type is much disguised. Imagine, then, 
a long, footless stocking sewn up at each end. By 
thrusting one half of this stocking into the other half, 
there would be obtained a long bag with a double wall. 
Suppose this bag fixed by its blind end to the ground, 
while the open mouth end stood up in the 
air, to catch anything that fell into it, and 
then suppose that, close round the mouth, 
the double wall grew out into arms, or 
tentacles, which could catch anything 
passing and draw it into the mouth, then 
we should have a structure somewhat re- 
sembling the fundamental form of the 
Coelenterata. But it must further be 
supposed that the two woollen walls of 
the stocking are replaced by two layers of 
living cells, so that the outer one forms 
the skin (ectoderm), which is armed with 
the stinging-cells, while the cells of the 
inner layer (endoderm) are hungry 
creatures waiting to digest anything 
digestible which comes down into the bag. 
This is still not enough, as the whole 
animal must be able to move its tentacles, 
and to stretch or contract its body; so 
that between the layers there is a special 
gelatinous layer in which run muscle and 
nerve-fibres. Further, in order that the 
tentacles, when they seize a passing animal, 
may have no trouble with it, but may be 
able to bring it to the mouth as easily as 
possible, they are thickly covered with 
batteries of stinging-cells. 

But how, it may be asked, can we get 
the beautiful bell-shaped jelly-fish from 
such a creature? The imaginary animal 
just described was fixed to the bottom of 
the sea, or to weeds and stones under 
water, and here it would grow. But there 
is a law of life that, after a certain size has 
been reached, further growth does not add 
to the animal’s stature, but takes the form 
of buds, which may either be cast off as 
eggs to hatch and develop elsewhere, or 
may remain attached to and branching 
out from the parent animal. Both these processes take 
place in the simple cnidarians. Some branch and re- 
branch to form beautiful trees, or stocks, made up of 
living animals. Now, if all these animals were to drop 
eggs which fell to the ground to grow up around the 
parent stock, so fast would they grow that they would 
soon be killing one another through overcrowding. 

Hence it has come to pass that in many forms only 
a certain nuniber of the animals forming a stock produce 
eggs, and these are able to break away and swim 
off with their load of eggs, to drop them far away. 
In this way swimming-bells have been produced, 
originally only as carriers for scattering eggs broad- 
cast, just as many trees have arrangements for 
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STINGING-CAPSULES 


t and 2, with retracted filament; 3, 
partly protruded; 4, fully protruded 


scattering seeds as far as possible from the parent stem. 
From this beginning, all the race of jelly-fish appear 
to have sprung. The free-swimming life offered new 
fields for catching food. Myriads of small creatures 
swim near the surface of the water ; the cnidarian fixed 
to the bottom of the sea may stretch its arms in vain 
for these, while the free-swimming bell can go amongst 
them and follow them along the surface currents, feeding 
as it goes. Hence, while the eggs of many jelly-fish 
when dropped develop first into Sxed tree-like stocks, 
which, when grown, let loose another swarm of jelly- 
fish, the eggs of others, as if to save time, as it were, and 
impatient of the fixed tree-like stage, hatch out at 
once into young jelly-fish, which rise at one bound to all 
the free-swimming privileges of their immediate parents. 

The former process is termed alternation 
of generations; the egg producing a stock, 
which is one generation, the stock pro- 
. ducing a jelly-fish, which is a second, 
and these two alternating. In the latter 
case, when a jelly-fish produces a jelly- 
fish, one generation—-the stock—has been 
suppressed. This is important, since 
there is evidence that this alternation of 
generations was, and, indeed, still is, 
widely spread in both the animal and the 
vegetable kingdoms. It is, however, as 
a rule, suppressed as animals rise in the 
scale of organisation. 

One word as to the changes necessary 
to turn the simple cnidarian above 
described into a bell or umbrella-like jelly- 
fish. The principal change is in the 
gelatinous layer between the outer skin- 
wall and the inner stomach, or digesting 
layer. This middle layer develops into 
an enormous mass of glassy jelly of such 
a sbape that, instead of the body being 
long from the mouth (oral pole) to the 
bottom of the sac (aboral pole), the animal 
is umbrella-like, the mouth being under 
the bell, while the top of the bell corre- 
sponds with the old base by which the 
parent polype was attached to the ground. 

The stinging-cells, though all micro- 
scopic, vary considerably in size, without 
their structure being essentially affected. 
The surface protoplasm of the cell is 
modified into a tolerably firm shell, 
enclosing an oval or cylindrical vesicle. 
Closely associated with this structure is a 
pointed process, standing up far above 
the level of the skin, known as the trigger- 
hair. 

Within the vesicle is found, either 
spirally rolled or in an irregular tangle, a long filament, 
or hollow tube, which is a prolongation of the vesicle, 
but turned outside in. ‘This tube, which is more than 
twenty times as long as the cell, is pointed at the tip, and 
almost up to the tip beset with two rows of fine, spirally- 
arranged, barbed hooks. When the trigger-hair is 
touched or irritated, this filament is violently shot 
forth, being turned inside out like the finger of a glove. 
So long as the thread remains rolled up within the 
vesicle, the barbed hooks are, of course, in the tube ; 
when it is shot out, they come on the outside. The 
rolled-up thread appears to be filled with some poisonous 
substance, which, when the tube is shot out, is ejected 
over the spot where the point strikes and wounds. 
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CLASS POLYPOMEDUS/A:—JELLY-FISH AND ALLIES 


SIPHONOPHORA 


We have already described the swimming-bells of 
the jelly-fish as the highest development of the stinging 
group. The Siphonophora, as represented by the 
Portuguese man-of-war, are, in their turn, the highest 
development of the swimming-bells. They are, in 
fact, colonies of bells, joined together in almost every 
possible way, and showing extraordinary modifications 
of individuals in the interests of a division of labour. 
For instance, some of the bells do nothing but row the 
colony along, others feed the colony, others are guards, 
and yet others produce the eggs. 

As our first example of the group, we may take the 
creature known as Physophora, which consists of a 
long tube or central axis, surmounted by an individual 
which is nothing but an air-vesicle for holding the colony 
in an upright or a sloping position in the water.. Below 
the air-vesicle come two rows of bells, which bring about 
by their contractions the movement of , 
the whole colony. These rowing-bells force 
the water out of their cavities, and thus 
propel the colony. Below these, again, 
comes a circle of extremely mobile tentacles, 
which may, perhaps, be the tentacles of 
vanished bells. Among these tentacles are 
hollow structures, open at the end, which 
are the feeding-bells, now reduced to sucking- 
tubes, or stomachs, each of which endeavours 
to seize and digest for itself whatever in 
the shape of food (chiefly small crustaceans) 
is brought toit by the long capturing filaments 
and their branches, armed with stinging 
organs. The colourless nutritive fluid prepared 
by these two stomachs serves for the nourish- 
ment of the whole colony, and is carried to 
the various parts through the axial tube. 

In the illustration, which has been chosen 
on account of its comparative simplicity, no 
reproductive or egg-bearing bells are shown. 
When present in the Physophova, these 
appear like clusters of grapes; in other 
genera they are capsules; in others, again, 
they may be actual swimming-bells, which 
become detached, and lead an independent 
life. This fact is of importance in helping 
us to understand this complicated organism. 
It shows that the Physophora is not a single 
animal, but a stock or colony. Of this there 
is evidence in the swimming-bells, as well 
as in the two, three, four, or more sucking- 
tubes, with distinct mouths and stomachs. 
And, lastly, we have the reproduction brought about, 
in some cases, by detached jellyfish-like individuals. 

All the parts of the organism form a whole in a physio- 
logical sense ; they belong to one life, and many are so 
modified as no longer to appear as individuals. But, on 
the other hand, some of them are fairly independent, and 
when they take the form of medusze they are so highly 
developed that their individuality is at once manifest. 
We must therefore regard a siphonophore as a colony of 
highly-modified individuals, which, owing to the fact 
that these individuals differ greatly in form and function, 
constitute what is termed a “‘ polymorphous colony.”’ 

One of the most beautiful and most dangerous of 
the Ccelenterata belongs to the Siphonophora. This is 
the Portuguese man-ot-war (Physalia), several species 
of-which are found in the southern seas. The air- 
bladder at the top of the stem is a large, oval vesicle, 
which projects above the surface, lying horizontally on 
the water. It is drawn out into two points at opposite 


PHYSOPHORA 
A compound jelly-fish 


poles. A comb runs lengthwise and somewhat slantingly 
along the top of it. From its lower side, nutritive 
polypes, feelers on which the genital products develop, 
and very long tentacles hang down side by side below 
the surface of the water. Another strikingly beautiful 
species found in*the Mediterranean is P. pelagica. 
Lesson writes that these creatures ‘‘ shimmer with the 
most splendid colouring. The air-bladder and its comb 
look like molten silver, adorned with light blue, violet, 
and purple. The small thickenings on the keel of the 
comb are of a vivid carmine, while the appendages are of 
an ultramarine blue.’’ The tentacles of the Physalia 
are stiff with batteries of stinging-capsules, and those 
who are careless enough to touch them will repent. 
During the Challenger expedition, deep-sea Siphono- 
phora of a remarkable kind were brought to light. The 
most interesting belonged to a new family, the Awronec- 
tide. The colony, instead of being a long string of 
individuals, is here thickened, and shortened so as 
; , to be oval™er round. It consists of a 
hard, cartilaginous mass, traversed by a 
close system of branching canals. The upper 
part of this mass is a large, round, hollow 
air-bladder (p in the figure on page 1805). 
This pneumatophore is surrounded by a 
circle of large, round swimming-bells (7), one 
of which (/) is modified in a remarkable way. 
It is not, like the rest, quite hollow, but it 
is traversed by a narrow canal attached to 
its walls by strands of gelatinous tissue. 
The free end of the canal opens outward 
through a short tube, while its attached 
end enters the great bladder of the pneu- 
matophore. This specially modified swim- 
ming-bell has been called the aurophore, 
since it appears to regulate the quantity of 
air in the air-bladder. In order to sink 
to a greater depth, the Stephalia has only 
to contract its pneumatophore, discharging 
the air through the lateral canal. When 
the animal rises, the aurophore probably 
secretes a gas which fills the pneumatophore 
again.’ The lower end of the colony is 
occupied by a_ large feeding or nutritive 
polype, and at its sides there are several 
rows’ of- smaller nutritive polypes (s), each 
of which, at its base, carries a capturing 
filament (¢), and at its side grape-like 
clusters of reproductive bodies. 

The siphonophora, as a rule, require 
frequent changes of depth. It does not 
appear that exclusively deep-sea forms are to 

be found in the Mediterranean, but that all siphono- 
phora under certain circumstances and at certain 
seasons appear at the surface. Many pass through 
their larval development at a great depth, and the 
young Physophora larve found at the surface in 
the spring: descend to greater depths at the beginning 
of summer, and only return, when their metamor- 
phoses are complete, to develop into sexually mature 
animals. In the Physophoride@ we had the different 
individuals in a long series. In the Auvonectide we 
found them arranged in a compact mass; and, lastly, 
in the Velellid@ the body is flattened out to a disc, which 
is traversed bya system of canals. On this disc lies the 
similarly-shaped pneumatophore, which is also traversed 
by concentrically arranged canals opening outwards. 
The polypes hang on the lower side of the cartilaginous 
disc, a large nutritive polype occupying the centre, 
surrounded by concentric circles of smaller nutritive 
polypes. As in the Awronectide, these polypes carry at 
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their bases genital clusters, but no capturing filaments. 
The tentacles are arranged round the margin of the 
disc, and are very short. The genus Velel/a, one species 
of which is frequently found in the Mediterranean, 
has an irregular oval disc, surmounted by a sloping 
comb, which actsasa sail. These jelly-fish, which are of 
a deep indigo colour, are often found in swarms. 
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We now turn to the solitary swimming-bells, each 
one of which forms an individual 
competent to perform all the 
many functions required in its 
struggle for existence. There 
are hosts of these bells, of 
almost all sizes, some being 
large and beautiful, but dan- 
gerous to touch, while others 
are quite minute creatures, 
which have to be examined 
under the microscope. In regard 
to these swimming meduse, 
it has been already mentioned 
that they were  primitively 
individuals broken loose for a 
free-swimming life in the open 
sea from a stock attached to 
the ground at the bottom. 
The eggs of some of these forms 
have now given up passing 
through the attached stage, and 
hatch out at once as young 
meduse. 

Now, examination has shown 
that this host must bedivided into 
two groups, having remarkable 
differences, the one being called the Hydromeduse, and 
the other the Scyphomedusaz. The two came from two 
different kinds of attached stocks, and consequently, 
as free-swimming animals, in spite of their general 
resemblance to one another as jelly-fish, each has organs 
which the other wants. 
Taking the Hydromeduse 
first, as closest to the 
Siphonophora, we describe 
a few in detail, in order 
to give a clearer idea of 
the alternation of genera- 
tions. 

Among the Hydro- 
meduse there are the 
following different life- 
histories. Beginning with 
the highest, we have 
(1) jelly-fish alone, the 
eges of which have given 
up forming stocks, but 
hatch out jelly-fish ; 
(2) jelly-fish, ‘the eggs of 
which still form stocks, 
some individuals of which 
swim away as jelly-fish ; 
(3) stocks in which the 
sexual individuals do not swim away as jelly-fish. We 
need not here describe any of the medusz in detail, since 
the much larger jelly-fish of the Scyphomeduse will 
claim our attention presently, but two remarkable forms, 
which have taken to creeping on the ground, deserve 
attention. In Dalmatia, on seaweed, a delicate, pale 
object can often be discerned with a magnifying-glass 
creeping laboriously about on its long arms. If de- 
tached from the seaweed, it falls to the bottom, as it 
is unable to swim. 
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VELELLA SPIRANS 


In each point of its structure this animal is a medusa, 
related to the genus Eleutheria, or Cladonema, but still 
further removed from the ordinary medusa in one 
respect, since the Cladonema alternately swims and 
creeps. This creeping medusa (Clavatella prolifera) 
has six arms, the tips of which are provided with true 
suckers. On these it walks, as on stilts, while from 
each arm a short stalk rises, the swollen end of which 
is beset with stinging-capsules. The very extensile 
mouth-tube moves about tentatively, and easily seizes 
upon the small crustaceans to 
' be found upon the seaweed. 
| Just above the base of each arm 
hes a horseshoe-shaped eye-spot 
containing a well-developed lens. 
Somewhat higher up, between 
every two arms, a bud is to be 
found. None of the specimens 
of a certain size examined in 
May were without their six buds, 
these being at such different 
stages of development that their 
gradual growth could be clearly 
traced. On the riper buds the 
rudiments of a second generation 
of buds were to be seen. Multi- 
plication by budding has been 
observed in other medusz, and 
it is from such budding medusoid 
colonies that we may, perhaps, 
deduce the remarkable swimming 
colonies of the Siphonophora. 
As a rule, however, all medusze 
multiply sexually by means of 
fertilised eggs ; even the Clavatella 
at other seasons lays eggs. 

Of the forms among which the reproductive in- 
dividuals swim away as jelly-fish, we may take as an 
example Corymorpha nutans. Between the five in- 
dividuals of this species grouped together in the 
illustration five small creattires, each provided with a 
: filamentous appendage, 
are to be seen swimming, 
which are the meduse 
belonging to this animal. 
Each egg of these minute 
meduse, which are by 
no means large in size, 
develops into a ciliated 
larva, which, sinking 
to the bottom, grows 
Lmto- an Fat tached 
Corymorpha. The illustra- 
tion on the next page 
shows these animals, which 
in the polype form are 
always single. 

Unhke most animals of 
this sort, they do not 
attach themselves to sea- 
weed or stones, but live 
on fine sand, into which 
they sink the posterior end 
of the stem. Numerous thread-like appendages of this 
buried part penetrate the sand in all directions, thus 
firmly attaching the animal. The mouth at the anterior 
end is encircled by tentacles, a second circle of tentacles 
surrounding the widened part of the body which 
contains the stomach. Immediately above this latter 
circle, the buds stand in clusters ; in summer they are 
found in all stages of development, and even while 
attached to their stalks assume the complete structure 
of a medusa. They move their umbrellas actively, 
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break loose, and thus complete the circle of develop- 
ment or alternation of generations. Bougainvillea 
yamosa is another form in which, owing to the stock 
being branched, the division of labour is even more 
clearly seen ; some of the individuals are feeding and 
some are reproductive, these latter turning into swim- 
ming-bells and breaking loose. Both these forms are 
small, as indeed are the great : 
majority of the hydroid stocks, 
but whole forests of hydroid-polype 
stocks may be seen on the reefs in 
the Pelew Islands almost as tall as 
aman, and with roots three or four 
inches in diameter. A_ bather 
entering such a forest is terribly 
stung, the pain lasting for hours. 
A solitary form (Monocaulus im- 
perator)—the upper portion of 
which is here figured — nearly 
related to Corymorpha, and found 
in the Northern Pacific, attains 
still larger proportions. Specimens 
brought up during the Challenger 
expedition from a great depth were 
more than two yards in length, 
with a proportionate diameter. 

As examples of stocks of which the reproductive 
individuals do not swim away as jelly-fish, we may 
select the pretty, feathered, plant-like creatures found 
along the seashore, which are often thought to be 
plants, but are really animal colonies, well-known types 
being Sertularta and Plumularia. In these cases, in 
addition to the nutritive individuals, there are the 
egg-bearing individuals, which never turn into free- 
swimming meduse. 

One small form which is not branched and feathered 
is Hydractinia echinata, found in the North Sea and on 
the English and Norwegian coasts, where it attaches 
itself to gastropod shells inhabited by hermit-crabs. 
The polype probably profits by changes of place for 
feeding, or else for some other reason adapts itself to 
the restless life of the crab, while the latter is protected 
by the stinging powers of its associates. The two 
organisms may be termed commensals, or messmates, 
and the term commensalism is applied to such cases. 
The part of the stock common to all the individuals 
is the skin-like portion which adheres to the surface 
of the shell or other object to which it is attached. 
This skin is raised up into spiny prominences, as shown 
in the figure on page 1807. A horny layer occurs in this 
integument, similar to that of which the single tubes 
consist. The nutritive canals running down the stems 
of the polypes are continued into this membrane, 
promoting its life and growth. 

In such a stock there are never more than two kinds 
of individuals—namely, the nutritive individuals, 
distinguished by their long tentacles, mouths, and 
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digestive cavities; and the reproductive individuals, 
male or female. These latter have no mouths, and are 
supplied with food through the system of canals 
running to them from the nutritive individuals. These 
reproductive individuals, instead of tentacles, carry 
at their tips a circle of stinging-batteries for the pro- 
tection of their eggs, which are enclosed in capsules 
clustered together round the stalk a little way below 
the tips. The ciliated larvae emerging from the eggs 
swim away, and eventually become attached and 
found new colonies. The egg-capsules in no way 
recall medus@, but all medusz which pass through a 
polype-like intermediate stage also pass through the 
simple capsule stage. 

Two more of the hydroid stocks are worth mention, 
since they secrete masses of carbonate of lime, out of 
which the animals protrude like corals, which, indeed, 
they were thought to be. This error was made because 
only the massive skeletons of the Hydrocorallia—as 
they are called—and not the living animals, were 
known. Instead of the horny, often delicately branch- 
ing integumentary skgJeton usually found im the 
hydroid polvpe stock, that of the Hydrocorallia con- 

3 tains 97 per cent. of carbonate 
of lime, and forms rough, solid- 
looking masses, with lobed pro- 
cesses or bosses like those figured 
on page 1807, or else (Stylasterid@) 
branches, like the precious coral oi 
commerce. 

The whole surface can be seen 
even with the naked eye, but still 
better with a lens, to be covered 
with small pore-like apertures. 
Closer examination shows that 
these are of two sizes, a larger 
central pore being surrounded by 
an irregular circle of from five to 
eight smaller ones. The mass of 
the colony is traversed by an 
irregular system of numerous 
branching canals of different sizes. 
In vertical section, indistinct layers can be seen 
running almost parallel with the outer surface. 
These form the floors of the polype-cavities. Only 
in the outermost layer of the stock is there life, 
the inner mass being composed of dead skeleton. In 
this living layer there is a close network of soft branch- 
ing tubes, from which rise the small polypes, the bases 
of which are connected together by this network. 
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The polypes lie in cup-like depressions, and, when 
undisturbed, project outward through the pores, 
retreating instantly at the slightest disturbance. 

The polypes, like the pores, are of two sorts. Those 
inhabiting the larger pores are short and thick, with 
four short tentacles, resembling stalked globules, 
surrounding a comparatively spacious mouth. The 
polypes protruding from the more numerous smaller 
pores, which surround the large ones, are much longer 
and have no mouths. Each of these ends in a simple 
knob, below which, at intervals, and generally alter- 
nately on one side and the other, short, simple branches 
are given off. The central polype remains quite still, 
but those which surround it are constantly in undulat- 
ing motion, often bending down to the mouth of the 
central polype, which they appear to be feeding. Here, 
again, there is division of labour in an animal colony, 
the larger central polype provided with a mouth being 
the feeding individual, while the mouthless nutritive 
individuals catch the prey. The smaller 


polypes also probably defend the colony, ot 
stinging- aa | 
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being far better armed with 
capsules than the larger polype. 
knobs with which the tentacles 
end are stinging - batteries. 
They grow upon rocks or dead 
corals, often covering the 
skeletons of sea-fans (Gor- 
gonid@), and are even found 
in the Bermudas on old bottles 
thrown into the sea. In the 
latter case the lower side of 
the stock is quite smooth as 
if polished, and reproduces 
exactly the surface of the glass 
with all its markings. 

There are two families of 
these Hydrocorallia, as they 
are called—namely, the Mzile- 
poride and the Stylasteride. 
The members of the former 
family produce large numbers { 
of little free-swimming jelly- 
fish as reproductive buds. These forms are of great interest 
as illustrating the marvellous adaptability of living 
forms. While the true corals, which are polype-colonies 
somewhat differently organised from these hydropolypes, 
secrete great masses of solid rock, we find two small 
families of minute hydropolypes also building up hard 
coral-stocks. - This phenomenon is called convergence ; 
two different kinds of animals, starting from different 
points, become adapted to similar conditions of life, and 
eventually come superficially to resemble one another. 
Just as these hydropolypes forming coral were long 
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A, part of stock with polypes withdrawn ; 8, five peripheral nutritive individuals 
round a central feeding individual 
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thought to be true corals, so many other animals have, 
on account of their resemblance, been classed together 
which are now known to belong to different groups. 


FRESH-WATER FORMS 


Two other hydroid polypes which live in fresh water, 
while all the rest are marine, deserve mention. Of 
these, Cordylophora lacustris forms branched trees from 
one to three inches high, rising from a network of roots 
attached to stones, wood, 
mussel-shells, etc. The whole 
stock—except the club-shaped 
heads of the individual polypes, 
which are provided with 
proboscis-like mouths and 
irregularly-branched thread-like 
arms—is covered with a deli- 
cate horny envelope. In these 
stocks, which are of a red- 
grey colour, the sexes are 
separate. Until the middle of 
the nineteenth century, the 
Cordylophova had only been 
met with in brackish water on 
the coasts of Europe and of 
North America. After that it 
appeared from time to time in 
the lower courses of rivers, 
such as the Thames, the Elbe, 
etc., and now it has found its 
way far inland both in the 
Old and New Worlds. It 
occurs in the Saale, near Halle, and is specially 
plentiful in the slightly brackish lake of Eisleben. In 
Hamburg it has in some places invaded the water- 
pipes supplying the city, developing in them to sucha 
degree as actually to stop them up. 

This history of the migration of Cordylophora is 
instructive in helping us to understand the rise of at 
least a part of the fresh-water fauna. In this case, 
within our own experience, an animal inhabiting 
brackish water has in a few years become so.adapted for 
living in fresh water as to be considered altogether a 
fresh-water form, without the least apparent change in 
its organisation. Whether a change in organisation 
would not gradually take place in the course of many 
years is, of course, another question, which for the 


Sens) 


fo 


FRESH-WATER POLYPE 


present is unanswerable. 


In the fresh-water polype, or Hydva, we have a hydro- 
polype much better known and much more specially 
adapted to its habitat than the Cordylophora. These 
hydras, which are from one-eighth to one-third of an 
inch in length, form simple stocks of one or two branches, 
and as often as not are found single. They almost 
exactly resemble in form those polypes of the Hydrac- 
timia which are provided with a circle of tentacles. 
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The water of stagnant pools or ponds in which water- 
plants are abundant will almost certainly yield one of 
the three species of the fresh-water hydra, if the water- 
plants be left undisturbed in a vessel. The little 
creatures often leave the weed and attach themselves 
to the sides of the vessel, where they can be examined 
with a lens. When undisturbed, the polypes begin to 
extend and spread out their six or eight tentacles like 
fine threads. Small creatures coming in contact with 
these tentacles remain attached to them, caught and 
held by the stinging-threads, whereupon the tentacle 
contracts, bringing the prey to the mouth, which is 
capable of great extension. The hydra usually multi- 
plies by means of buds which grow out of the body. 
The offspring often remains attached to the mother 


until it, in its turn, has given rise to one or two buds. 


Single eggs, however, develop from time to time in 
the body-wall beneath capsule or wart-like prominences. 
The hydra is also remarkable on account of its capacity 
for regenerating lost parts of the body. 


SCYPHOMEDUSAL 


In the Scyphomedusze we again have free-swimming 
jelly-fish, stocks developing into jelly-fish, and persistent 
stocks which never form _ jelly-fish. 
Whereas in all the Hydromeduse the 
mouth opens directly into the stomach, 
in the Scyphomeduse, and their attached 
and related forms, the skin round the 
mouth has been drawn in to form a tube | 
which opens some way down into the 
stomach ; the drawing-in of this mouth- | 
tube; or cesophagus, having led to the © 
formation of ridges on the wall of the 
stomach, which hold the inner end of 
the tube in place, as shown in the 
illustration of Monoxenia on page 
1809. Although this does not appear 
important, it indicates a higher speciali- 
sation. 

_. Taking first. the free-swimming jelly- 
fish, the Jarger and more characteristic 
forms are ‘distinguished by their delicate 
colouring. The yellow and yellowish red 
‘Chrysaora, ocellata are seen floating past 
in thousands off the southern coast of 
Norway. The western harbours of the 
Baltic Sea, after continuous northerly 
winds, are often filled with whole banks 
of the. blue <Avwrelia aurita, and the 
splendid Rhizostoma are constantly to | 
be met. with in the Mediterranean and 
Adriatic Seas. On a fine spring day they 
Sare almost always to be found on the shore, where 
these large, reddish. blue, living hemispheres are wrecked, 
and soon melt away. ' 

‘In these medusee—which are well known to all 
who dwell on the coast, and range from one to seven 
inchés in diameter—we have the most highly-developed 
of the simple ccelenterates. Their body consists for the 
greater part of the circular umbrella, the margin of 
which is notched all round so as to hang down in 
small or large lobes. There are also, along the margin, 
from four to eight. or more eye-like spots, and exten 
sible filaments. -At the centre of the lower side of the 
disc is the mouth, which in some forms lie at the end 
of a projecting stalk, and is almost always surrounded 
by several thicker folded processes for the capture of 
prey. In some cases the folded edges of these 
ribbon-like arms fuse together, leaving only sucker- 
like apertures. 

Canals run from the sac-like cavity representing 
the stomach to the edge of the disc, where they 
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enter a circular canal, often provided with apertures. 
The similarity between this apparatus of digestive 
canals and the arrangement obtaining in the Ctenophora 
is then evident. The reproductive organs le either in 
special sacs round the stomach, or merely in widenings 
of the canals. The surface of the skin is provided 
with innumerable microscopically small stinging 
capsules, and, thus armed, these so-called discomedusee 
float about in the water, their bodies being but little 
heavier than the water itself. 

Although some of these splendid forms develop 
directly as jelly-fish from the egg, the great majority 
begin life as attached polypes, so that we have 
here again another instance of alternation of genera- 
tions. The sexes are usually separate, and from the 
egg arises a ciliated larva, which is oval, hollow, and 
somewhat flattened, recalling the shape of a locket. 
This is the so-called planula, which for a time swims 
about, then attaches itself firmly by the end of 
its body and becomes pear-shaped, the stalk of the 
pear being represented by the attached end; a 
horny envelope is ffen secreted over the whole 
surface, the mouth breaks through the free end 
of the central cavity, four tentacles appear, and 

me WE have a four-armed polype, or scy- 
" phistoma. 
The tentacles increase in number, and 
the scyphistoma can produce at its 
base a number of young polypes, which 
again can multiply by division. At a 
certain period this method of multipli- 
cation by budding of the polypes from 
the base ceases, and each scyphistoma 
divides up in quite a different fashion. 
The polype becomes horizontally con- 
stricted in several places, until it 
appears like a number of cups placed 
one inside the other; this is called a 
strobila (pinecone). When ready, the 
top: cup breaks away, turns over, and 
swims off as a young form of medusa, 
called an  ephyra, which gradually 
acquires the shape of the perfect disco- 
medusa. 

We thus have here an alternation of 
generations in which a sexual medusa- 
generation is succeeded by an asexually- 
reproducing polype-generation, this again 


| being followed by another medusa- 
generation. 


In relation to these, and constituting 
a kind of transition form connecting 
the discomeduse and the polypes, are 
the Calycozoa, or cup-shaped meduse, which either 
swim about freely or are attached by their apices, 
where the firm gelatinous disc attains its greatest 
thickness. At the margin of the disc, these forms carry 
eight to sixteen arm-like processes. ; 

In the attached forms (Lucernarvia) the ends of 
these processes are provided with short tentacles, 
occasionally broadened imto discs and used _ for 
attachment, and also with stinging-capsules. The 
Calycozoa may leave their place of attachment and 
swim about for a time, with a rotatory motion, and 
then again settle down. Lucernaria has been found 
as deep as 3,300 feet, but appears to prefer to settle 
in shallower water. 

The nearest relations of Lucernaria are the 
Tessevid@. The species of Tesseyva are small, and 
swim freely, having an elegant, long, bell-like 
shape. The edge of the disc is drawn out into 
alternately longer and shorter arms, eight to sixteen 
in number, 
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WE turn from the free-swimming Scyphomeduse to 
the permanently fixed polype forms—namely, the 
sea-anemones and corals. Although Aristotle and his 
contemporaries recognised the sea-anemones as animals, 
almost two thousand years elapsed before corals were 
considered to be related to them. In describing the 
development of a small coral discovered on the 
Arabian coast, and named Monoxenia darwini, | 
Haeckel states that the polype, which is one- 
eighth of an inch long, is of strictly radiate 
structure, the mouth, which lies at the upper 
end of the cylindrical body, being surrounded 
by eight feathered tentacles. It is attached 
to some substratum by means of a flexible 
disc at the opposite end of the body to the 
mouth. It is clear that it has no hard skele- 
ton, as the shape of its surface is changeable ; 
and its internal structure must be shown by 
transverse and longitudinal sections. 

The development of Monoxenia begins with 
the egg repeatedly dividing into many parts 
(C, D, E). This process, which is common 
throughout the animal kingdom, and is called 
egg-cleavage, in this case proceeds so simply | 
and regularly that it ends in the production | 
of a hollow sphere enclosed by a single layer 
of cells (G). Each cell sends out a long cilium 
or whip-like process (Ff), bymeans of which the 
larva turns about and swims in the body-fluid 
of the parent polype. One half of the sphere 
now becomes infolded into the other half (H), 
and forms what is called a gastrula (J, K). The term 
gastrula has taken a great place in zoology in recent 
years, since the Russian naturalist Kowalewsky found 
that many different classes of animals, in developing 
from the egg, passed through such a stage. Haeckel, 
generalising from these facts, invented his Gastrea 
theory, according. to 
which all animals in 
which the  gastrula 
stage occurs must have 
been descended from 
a common primitive 
form, Gastrea, which 
has, however, in its 
simplest form long 
been extinct, but of 
which the coelenterates 
are the closest modern 


representatives. 
The gastrula of 
Monoxenia is of the 


simplest kind, the in- 
folding being com- 
plete, and the larva 
forming a sac, whose 
walls consist of two 
layers, of (Cells. sor 
germinal layers, an 
outer ectoderm and an 
inner endoderm (see 
section given in the 
HS tara biome dhic 
transition from the flat 
dish-shape (H) to the 
sac with a narrow 
mouth is at once clear, 
and the knowledge 
that all the coelente- 
rates proceed from a 
similar larva, and that 


DIAGRAM EXPLAINING 


MONOXENIA 
L, longitudinal section, on left through inter- 
septal cavity, on right through a partition wall; 
M, transverse section through line 722; JV, 
transverse section through line s 4 ¢; O, eight- 
lipped mouth-aperture, with bases of arms ; 24 
¢ 0, principal axis ;%, pharyngeal cavity ;g, di- 
gestive cavity ; #, divisions of digestive cavity ; 
w, radial walls dividing up digestive cavity ; 
€, masses of eggs; #, mesenterial filaments ; 
J, masses of muscle and connective tissue 


MONOXENIA 
DARWINI 


all the complications of their various systems are 
developed from such a simple gastrula, throws much 
light on their anatomy. During these transforma- 
tions, the endoderm, whose cells multiply, continues 
as an uninterrupted lining to the stomach and its 
appendages, while the ectoderm yields the constituents 
of the skin. <A third intermediate gelatinous 
layer, the mesogloea, arises between the outer 
and inner layers; in this muscles and con- 
nective interstitial tissues appear. The chief 
part of the jelly forming the great umbrella 
of the Discomeduse consists of this mesogloea. 
In the mesogloea of one division of the corals 
the calcifications take place. These internal 
calcifications play, however, but a very small 
part in the great rock-making activities of 
corals as a whole, the most important calci- 
fications being external. 

Returning to Haeckel’s account of Monoxe- 
nia, although the transition from the gastrula 
larva to the adult animal has not been 
observed, there can be no doubt as to how it 
takes place; all the transformations having 
been watched in other species. The larva 
attaches itself with the end opposite to the 
mouth, the cilia disappear, and after the 
mouth-tube (p) has been formed by the folding- 
in of the anterior end along the longitudinal 
axis of the body (L, 0, a), and has thus become 
marked off from the stomach (g), the eight 
hollow tentacles rise round the mouth as 
outgrowths of the body-cavity, or as direct continua- 
tions of the stomach. : 

Like all other corals, Monoxenia periodically mul- 
tiplies by means of eggs, which arise either in the walls 
of the radiating stomach-partitions (or septa), or on 
their free edges, and have to be ejected through the 
mouth, as development 
does not in this case 
take place within the 
digestive cavity of the 
parent polype. As a 
rule, the polypes are 
either male or female, 
but in stock-forming 
species individuals of 
the two sexes may be 
mixed. Hermaphro- 
dite individuals are 
less frequent. 

Monoxenia may be 
taken as the simplest 
type of the regularly 
radiate polypes; in 
all radiate animals the 
different organs being 
repeated in regular 
rings round the central 
axis. Monoxenia and 
similar animals are 
considered simple, be- 
cause the repeated 
organs develop simi- 
larly and _= simultan- 
eously, and are com- 
paratively few in 
number. The mouth, 
toom 1S circular. ~ im 
many other polypes, 
however, the regularly 
radiate type is slightly 


DEVELOPMENT OF 
MONOXENIA 


The egg (a and B) divides into many parts 
(c, D, and &), producing finally a hollow sphere 
enclosed by a single layer of cells (G). Each 
cell sends out whip-like processes (F). One 
half becomes infolded in the other (nH), 
forming a gastrula (1 and Kk). 
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departed from; the mouth, instead of being round, 
forming a long slit, while there is a tendency for the 
originally radi ate animal to become bilateral. 

From this account of a simple polype, it is easy to 
understand what kind of animal it is which makes 
coral; and our readers, if they have not already done 
so, will give up speaking of ‘insects building up the 
coral-reefs.”” It is, however, by no means all such 
polypes that form coral, nor do those which form it 
produce it always in the same w: 1y Numbers of 
polypes, such as the beautiful sea- 
anemones, never produce any hard 
substance, but remain soft and deli- 
cate, though dangerous, at least to 
small animals, because of their 
stinging-cells. Many of these soft 
sea-anemones are highly specialised 
creatures, aS may be seen from the 
picture on page 1817; but those 


which secrete coral are generally 
simpler, and smaller, and grow in 


vast colonies. It is the accumulation 
of all their little contributions ot 

ral which, in the process of time, 
builds up islands or even continents. 

In regarding coral animals as 
reef-builders, we may leave out of 
account, as unimportant, those which form hard 
spicules within their bodies, and _ consider only 
those which perform most of the work. Imagine a 
crowd of small animals like sea-anemones fixed to a 
rock, each one secreting a layer of ‘carbonate of lime 
between itself and the rock, and this layer becoming 
thicker and thicker till each-polype rises on a little 
pedestal. There is probably a race between them, as 
there is among trees in a forest, which shall reach the 
highest to get most of the food as it passes by on the 
currents in the water. Now, it is obvious that a 
crowded colony of polypes like this would in a short 
time add a thick layer of solid carbonate of lime to 
the rock on which they first settled, and this is, in brief, 
the principle of reef-building. As a matter of fact, 
however, it is not quite so simple. The layer each 
polype secretes is not a smooth, flat disc, evenly secreted 
by the whole surface of its foot. Some parts of the 
foot secrete more than others, hence those parts rise 
up as spines, walls, and rings, which protrude into 
the body of the polype without, however, breaking 
through the skin. These probably help to fasten the 
polype to its pedestal, and preventit from being swept off 
by strong currents. The figure of Yhecocyathus on 
page 1812 is a good illustration of one of these plates. 

Each genus of corals has a pattern of its own, each 
one perfect and beautiful in its way, and it is fre 
quently a puzzle to discover how it 1s made. When 
crowds of polypes grow in contact, their pedestals will 
also grow in contact and form continuous masses ; 
this growing in contact being ensured by their ordinary 
method of multiplication. For a coral-polype does not 
have to wait until another takes up .a position beside 
it, but as soon as it can feel freely it begins to bud or 
divide, producing a number of young polypes close 
around it. These also bud in their turn, and are soon 
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Outline showing living 
and dead portions 


surrounded by young polypes, and in this way such 
compact colonies are formed that it is a struggle 
among the inner ones to avoid being suffocated. We 


thus have densely-crowded colonies of polypes struggling 
upwards, each h individual secreting a more or less beauti- 
ful and complicated pedestal. The pedestals are fused 
together in a hundred different ways, and from these 
different patterned pedestals, with their various ways of 
fusing together, are produced the almost countless dif- 
ferent kinds of coral which together build up coral-reefs. 


In a growing polype-stock the individuals usually 
remain in organic connection—that is to say, each 
first provides for itself, and then shares its superfluity 
with the others, sometimes by means of a continuous 
reticulated system of canals running from polype to 
polype, perforating the stony substance which often 
separates the members of the one stock from another. 


The whole stock may thus be physiologically one 
creature with many mouths. Where, however, the 


secretion of the pedestal is very rapid and the budding 
very slow the polypes may separate, each standing at 
the end of a branch, the illustration of Caulastrea 
showing an example of this. It will be understood 
from this description that only the layer of growing 
polypes with their intercommunications can be. spoken 
of as living; and as this layer rises higher and higher 
by secreting fresh layers of carbonate of lime, “the 
living linings of the communicating canals are either 
withdrawn or die away, and all beneath the living layer 
is mere dead matter built up and left behind by the 
coral animals. ~~ 
Before passing to our Surv ey of the corals themselves 

two other points deserve attention. Not all corals form 
stocks. Some remain single, like the mushroom-corals 
(Fungide), which grow to a very large size with a heavy 
solid skeleton ; and although these form new polypes by 
budding, the latter become detached and live as solitary 
individuals. Again, although coral-reefs are due to 
the great power of multiplying by division or budding 
yet all corals, so far as is known, also at certain times 
produce eggs. The further development of these eggs 
gives rise “ultimately to a small polype, which settles 
down and begins to secrete its pedestal and then 
to bud, thus starting a new coral-stock. 


HEXACTINIA 

The name of six-rayed polypes (order Hexactinia) 
assigned to these sea-anemones must not be taken too 
strictly. -It is true that it was applied in good faith, 
because it was believed that this order always had 
exactly six or some multiple of six as the number of 
the tentacles; but corals are tied by no such rigid 
rules, and all we can say is that the number of tentacles 
in this order generally approximates to some multiple 
of Six. Among the 
Hexactinia the  sea- 
anemones take the first 
place. They spread 
over all seas, being 
especially plentiful in 
the temperate zones, 
near the coast, at 
depths which bring 
them within the reach 
of every observer. 
They are distinguished 
by their solitary 
manner of life, their 
size, and their vivid 
and usually beautiful 
colouring. The skin is 
firm and leathery, and 
often covered with warts. ~It does not secrete any 
calcareous skeleton either inside or outside, so that 
the animal is soft and capable of great contraction 
and changes of shape. Most sea-anemones use the 
basal disc for attachment, and can move from place 
to place by means of it, but a few species bore into sand 
with the posterior end of the body, or else secrete 
or build a sheath which they inhabit. In the coloured 
picture on page 1817 are depicted, in their natural 
briliant colours, a number of sea-anemones of which 
the following are especiaily striking. 
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B, Sagartia viduats, the snake-locked anemone; BI, 
Sagartia chrysosplenium, the gold-spangled anemone ; 
D, Actino oba dianthus, the plumose anemone ; E, the 
scarlet- fringed Sagartia miniata; F, Bunodes coronata, 
the diadem pimplet anemone; G, GI, and G2, varieties 
ae ius Corynactis viridis, the globehorn anemone ; 

, Buy nodes thc wlia, the glaucous pimplet anemone ; and 
R, ' Stomphia churchie the beautiful gapelet anemone. 

Other beautiful forms are found in the two striped 
anemones, Fagactis pulchva and Ceveactis aurantiaca. 
The sun-anemone (Heliactis bellis), again, varies greatly 
in colour, but is always elegant, and the same may be 
said of the trumpet-anemone ‘with its long tentacles 
(ptasia conchit). In the foreground at the centre a 
hermit-crab is seen carrying with him on a whelk-shell 
his guest, Sagartia parasitica. A less conspicuous 
anemone (Eloactis mazelii) is provided with somewhat 
long cylindrical tentacles. The Anemonia sulcata lets its 
tentacles float gracefully, while the vestlet (Cevianthus 
membranaceus), of varying colour, hungrily stretches out 

-its arms in all directions. Cladactis cost@, which is 
covered with warts, is no less voracious, but with 
apparent apathy allows its tentacles to droop around it. 

Sea-anemones are extremely voracious, devouring 
large pieces of flesh, and sucking down mussels and 
oysters. Anemones only settle in places where the 
currents bring them the animal food they need; and 
are most plentiful where the current is strongest, as, 
for instance, at the entrance 
of harbours or on rocky coasts. 
Some species are in the habit 
of settling on other animals 
whose requirements make 
them frequenters of disturbed 
waters, hermit-crabs being 
especial favourites. Certain 
species, again, such as_ the 
large _ yellow-and - brown - 
striped Actinia effeta (see 
illustration above), are indeed 
always found fixed upon the 
shells inhabited by these 
crabs, the one mentioned being 
generally found with Pagurus 
striatus, a large Mediterranean 
hermit-crab which inhabits whelk-shells of suitable size. 
Two or three of these anemones often settle on one crab, 
which is protected by their stinging powers; while they 
in turn profit in the matter of food by the wanderings 
oftheir host. Itisa good illustration of commensalism. 

Prof. Alcock (in ‘‘ A Naturalistin Indian Seas’’) speaks 
as follows of this kind 
of association: ‘‘ Sea- 
anemones here —17.é., 


for the most part, were 
found attached to the 
shells of hermit-crabs, 
etc., a case of Hobson’s 
choice sometimes, no 
doubt, but also some- 
times illustrating that 
happy bond of com- 
mensalism, or Platonic 
union, which is one 
of the most valuable 
object-lessons for 
man’s edification that 
marine zoology affords. 
When two animals of different grades in the zoo- 
logical scale live together in such a fashion that 
each one assists the other in some definite way, 
while doing it no manner of harm they are termed 


SHORT-TENTACLED ANEMONE, 
POLYSIPHONIA 


ENDIVE-ANEMONE, CRAMBACTIS 


commensals, or messmates. For instance, wnen a 
hermit-crab and a sea-anemone live together, the 
hermit-crab, being by .nature a very ill- clad and 
vulnerable animal, acquires by the partnership a thick 
me and easily adjustable greatcoat ; 

| while the sea-anemone, being by 

| nature a hopeless lump of an animal, 
= dependent on chance currents for 
, its food and oxygen, acquires an 
engine and intelligent engine-driver 
all in one, which are always carrying 
; it in the way of the necessaries of 
life; and yet with this mutual 
assistance there goes absolute. in- 
dependence in all other respects, 
4 such as mistresses and servants, who 
a would both be none the worse for a 
little knowledge of the principles of 


SEA-ANEMONE, ie 
ACTINIA EFFaTA ZOOlogy, never dreamt of. 


On account of the ease with 
which anemones ate kept in captivity, their manner of 
reproduction has been well observed. With rare excep- 


tions, they develop from eggs. Dalyell kept one for six 
years, and reared from it upwards of two hundred and 
seventy- six young ones. Two of these young lived for 


five years, producing eggs at ten or twelve months old, 
which hatched a couple of months later. 
the ciliated, 


He saw that 
infusorian-like larvee settled down on the 
eighth day, losing their 
cilia, the first tentacles ap- 
pearing during the process 
of attachment. Young 
anemones often pass 
through their whole de- 
velopment within the body- 
cavity of the parent. 

Most anemones are pro- 
vided with several circles 
of more or less similar 
cylindrical tentacles, but 
there are some specially 
beautiful species which, 
besides tentacles of the 
usual shape, have, either 
within or outside of the 
circle of ordinary tentacles, lobed or leaf-like tactile and 
seizing organs. These belong to the family of the Cram- 
bactinide. The beautiful Crambactis from the Red Sea, 
shown in the illustration, has, immediately round the 
mouth, several circles of delicate grasping tentacles, 
shaped like curly cabbage or endive leaves. 

All the tentacles of the sea-anemones are hollow, 
with a fine aperture at the tip, through which, when 
the animal contracts, the water contained in the 
body-cavity can be expelled; but in the deep-sea 
forms these organs are very curiously modified. For 
instance, in the genus Polysiphonia, here illustrated, 
the tentacles are short and unsuited for catching and 

holding prey; but the aperture at the tip is large, 
and through it flows in water containing organic 
detritus which can be used as food. The allied Sicyonzs 
has sixty-four wart-like tentacles with wide apertures 
standing in a double circle round the mouth, and in 
Liponema the body-wall is perforated by several 
hundred apertures leading into the digestive cavity and 
corresponding to the tentacles. 

Although most members of the group arise as 
single individuals from eggs, some multiply by the 
detachmert of small pieces ‘from the pedal disc. Fischer 
observed this process in the translucent anemone 
(Sagartia pellucida) on the French coast. The pieces 
detached on August 23rd had, by September 7th, 
developed into small individuals with fifteen or sixteen 


1811 


HARMSWORTH NATURAL HISTORY 


fission seems common in 


tentacles. Multiplication by 
jenea, and always ends in 


several species, such as S. 
producing single individuals. Sea-anemones sometimes, 
however, form stocks, which are not very numerous, 
though some species can be found on E es aie coasts. 
The genus Zoanthus, in which the separate individuals 
are united by a creeping branching root, is distinguished 
from Epizoanthus, in which the 
common stock resembles a root-like 
crust, on which the polypes form 
irregular groups of various sizes. 


TRUE. CORALS 

from the foregoing observations it 
will be seen that in the soft division 
of the Hexactinia; or six-rayed ane- 
mones, there are both single individuals 
and colonies of individuals joined to- 
gether to form stocks ; and there is 
also the same diversity in the skeleton- 
producing division—the corals proper, 


where we have both single individuals and_ stocks. 
Whereas, however, in the soft division, the simple 
individuals are the more numerous and the colonies 


comparatively rare, among the corals the opposite is 
the case, the colony -forming types presenting almost 
innumerable varieties This is not difficult to under- 

stand, since the soft anemones~ cannot well form 


FLABELLUM 
A scarlet crisp-coral 


if the buds remain attached to their parents. When, 
however, solitary corals bud, the buds fall off, and lead 
solitary lives like their parents. ; 
Most of the numerous species of the scarlet crisp- 
corals (Flabellum) are individuals, and are characterised 
by the slit-like form of the mouth. At a in the illustra- 
tion the living animal is seen from above, while 6 shows 
a side view of the skeleton, which 
is attached. It resembles a pair of 
fans fastened along their edges, and 
just inside the outer edges of the fans 
is the row of tentacles. The whole 
animal is as if the upper end of a 
circular polype had been squeezed, 
that the mouth-area, instead of being 
round, formed a long oval (a). An 
interesting case of budding occurs in 
these corals, the buds falling off., In 
the illustration c shows the bud 
growing out at the top of an indi- 
vidual like b. In this budding con- 
dition the coral might,pass for a different species of 
Flabellum. The bud, however, ultimately falls off (d), 


but, instead of becoming attached, is swept by the 
waves into some rocky fissure, where it spends the 
rest of its life. Besides the fact that it remains 


unattached, this bud differs from its attached parent 
in a far more important respect. It can produce 


THECOCYATHUS 
A simple coral 


LEPTOPENUS DISCUS 


A deep-se a coral 


complicated colonies, whereas the skeleton-forming 


polypes, by combining their skeletons, can build 
complicated structures, in order to ‘raise themselves 
into more advantageous positions. We have first, 
then, to consider those corals which do not typically 


form stocks, but remain at the stage of a simple sea- 
anemone, only with a rigid, calcareous skeleton support- 


ing, and no doubt protecting, them in 
different ways. 

All the corals found in British seas are 
(with the exception of the so-called tuft- 
coral) single, and generally very small. As 


an example of a regular, circular, solitary 


coral, we may take Thecocyathus cylindra- 
ceus, the skeleton of which is shown ‘in 
the illustration above. The animal, when 
expanded, fills up, the central depression, 
but when, on expelling the greater part 
of the watery contents of its cavity, it 
contracts, the whole body seems to sink 
into the hollow cup formed by its skeleton.» 4a..7) 
In the illustration we see only the oute1 = 


wall and the top of the ring of septa, which are solid 
vertical plates, rising up from the pedestal secreted by 
the foot and radiating outwards in all directions. Two 
other solitary corals are worth describing, as they show 
certain interesting specialisations. Both of them may 
increase by budding—tiat is, by the method which, in 
colony -forming ¢ orals, leads to the formation of stocks— 


MUSHROOM-CORAI 
nd formin 


ASTROIDES 
Showing 


CALYCULARIS 


developmental stages 


which the fixed coral cannot do, so that we have 


OO 
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here another case of alternation of generations. Out 
of the egg comes an attached form, which buds and 
produces the free unattached form, which again 


produces eggs, and so on. 

The mushroom-corals (Fungiid@) are another remark- 
able group of solitary forms, taking their name from 
their resemblance to the head of an expanded 
mushroom turned upside down. Turning 
to the figure of Thecocyathus (above), and 
imagining the circular wall pulled down 
all round, and -drawing down the septa so 
that they radiate outwards, some idea of a 
Fungia may be obtained. Their skeletons 
are remarkable objects, which no one at 
first sight would in any way connect with 
a sea-anemone. Although the mushroom- 
corals are considered to be individuals, 
reproducing themselves by means of eggs, 
both budding and division into halves occur 
exceptionally ; in the former case the buds 
sooner or later becoming detached. In 
some there is an alternation of generations, leading 
to the formation of compound stocks. In the illustrated 
form true mushroom-corals are produced at the ends 
of the branches ; at a one has become detached, and 
the others are in different stages, the youngest being 
nearly cylindrical, like a typical polype, whereas the 
older ones spread out like a typical Fungia. When a bud 


¢ small stock 
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. to say, in which the buds do not fall 


TRUE CORALS 


has fallen off, the stem seems capable of developing 
another. This is the asexual generation, reproduction 
by eggs being the sexual generation. 

Lastly, certain solitary corals have been dis- 
covered in the deep sea, where, on account of the 
presence of carbonic acid in sufficient quantities to 
make itself felt, there is littl lime. On this account 
the calcareous skeleton is generally distinguished by 
great delicacy. A deep-sea coral with 
such a delicate skeleton (Leptopenus), 
found off the east coast of South 
America at a depth of over a mile, 
is shown in the illustration. Its 
pedestal is formed of a delicate 
network with fine rays or spokes, 
connected together in a_ regular 
manner by transverse supports. 

Plentiful as are the solitary corals, 
they are surpassed in number by those 
which form compound stocks—that is 


off, but go on budding till coral-islands and barrier-reefs 
are built up.. As itis impossible to give here more 
than a very few illustrations of the many different ways 
in which the coral-stocks grow, we can only select a 
few types. In Dendrophyllia, as shown in the illustra- 
tion, we have a tree-like growth; each polype secreting 
a solid pedestal for itself, and living in a depression in 
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BRANCHING CORAL, DENDROPHYLLIA 


A, terminal branch of astock; B, section of a polype. 


a, depression ; J, septa ; 
d. columella 


the top. This is shown in the section B. Into this 
depression the soft animal can withdraw at the approach 
of danger, drawing all its tentacles (which also contract) 
down to a. The space occupied by the animal is not 
very roomy at the best, and it is further limited both 
by a great columella (d) rising up in its interior, and by 
the solid septa (b) projecting into it all round. It must 
not be forgotten that these 
parts are not in the animal, 
but outside of it, and as 
they are secreted they 
push the skin up, and 
never penetrate into the 
tissues themselves. These 
polypes bud at intervals, 
the apical polype most 
frequently; and the result 
is asimple branched stock, 
as seen. 

A different kind of 
stock is developed when the polypes produce many 
buds, as in the madrepores, In these delicate stocks 
selected polypes spring up above the rest, and their 
sides become covered with small buds. Space would 
obviously not permit all these small buds to. bud 
again in the same manner. A few favoured ones, 
however, which have sufficient room next spring out 
and become covered again with small buds. Each 
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A BRAIN CORAL, MEANDRINA B 
A, stock with soft parts; B, skeleton 


bud is a living, feeding coral-animal, surrounded 
by its crown of tentacles. These madrepores play 
no small part in building up coral-reefs, and the 
many different elegant forms which they assume 
(while keeping to their method of budding) is 
astounding. Some corals, again, do not form true 
branches, but may cover the ground like a field of 
corn—a good example of this type being found in 
Cladocova cespitosa, which inhabits 
the Mediterranean and Adriatic Seas. 
Here the single individuals form 
somewhat long tubes, and the buds 
arise laterally at the lower end, then 
bend upward and grow alongside of 
the parent, without any further 
connection or fusion. The spaces 
between the different rising polypes 
are not filled in with secreted hard 
matter, but the latter grow up side 
by side free. The stock, theretore, is 
easily broken. This coral flourishes 
extraordinarily in many places, covering areas of over 
one hundred square yards, with a growth of a foot in 
height. 

The method of growth just described is shown also 
by another and quite different coral, Astyvoides caly- 
culavis. As in Cladocora, just described, the single 


Wise 


polypes, with their calcareous tubes or pedestals, are not 


MASSIVE CORAL, ASTROIDES 


The 
yellowish red polypes are seen standing out a great 
height above their cavities, much more so than is 


fused together by any cementing substance. 


usual in corals. The larvee of these corals leave the egg 


while still in the large chambered body-cavity of the 
parent, where they swim about for a time, till they 
escape through the mouth. 


They are long and worm- 
like, and slightly thicker 
at the posterior end, but 
may change considerably 
in shape. They swim 
about rapidly by means 
of their covering of cilia, 
the thicker end being fore- 
most. The mouth appears 
at the thinner end soon 
after the larve leaves the 
body of the parent. Its 
free-swimming life has 
been known to last as long 
as two months, but under natural conditions it would 
probably be shorter. A strong sirocco had a marked 
effect upon the larvee, which, after appearing exhausted, 
contracted, and became detached. 

The transition from the worm-like larva to the polype 
takes place asin the anemones. The thicker end of the 
body is pressed against a hard rock, and the whole 
contracts into a thick, round disc; while longitudinal 
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furrows become visible at the upper pole, where the 
mouth sinks deeper. At the ends of these furrows 
the twelve tentacles appear. The three illustra- 
tions on page 1812 show the stages which follow in 
rapid succession, resulting in a form almost exactly 
like a young 

sea-anemone. 
It has, however, 
already begun to 
secrete its  cal- 
careous skeleton. 
This is not formed 
as a connected 
whole, but begins 
as a numbek of 
separate centres 
of secretion  be- 
tween the polype 
and the substance 
to which it is fixed. 
These meet and 
fuse, till gradually 
the skeleton is 
produced. The 
polype begins to 
bud, and the buds 
develop their 
skeletons, the 
whole together 
forming a stock 
like that shown 
in the illustration. 

The star-corals, which are some of the principal reef- 
builders, do not branch, but form great sohd mounds ; 
the polypes being all cemented together, and the 
budding so arranged that the whole colony forms a 
thin living layer or covering to the mass it and its 
parents have built up; all’but this thin layer on the 
surface being dead coral. The illustration given on 
page 1813 is of Astrea pallida, a species which appears 
as a rounded mass, with flat base, and the individuals 
being quite distinct from one another, although their 
outer walls are in contact. 

In the brain-corals, or Meandvina, we have animals 
budding, but not completely separating. No hard 
walls grow between the bud and its parent, although 
such separate the polypes less closely related. We thus 
get a system of valleys with rows of mouths, belonging 
to the polypes, which have budded off from one another. 


HORNY CORALS 


We have hitherto described skeletonless forms, and 
forms secreting solid, stony skeletons; the Anti- 
patharia have horny skeletons, the method of secreting 
which will be described when we come to the horny 
skeletons of the next group. The polypes have only one 
instead of several rows of tentacles, and in most of 
them the tentacles are six in number. They form 
compound stocks, looking like delicate shrubs, with 
long branches, from which the polypes project, these 
branches being supported by a flexible horny axis, 


ALCYONARIANS 


Although the second order (Octactinia) of the corals 
contains a variety of forms, the appearance of the 
individual animals is more or less uniform, the number 
of tentacles being always eight. The tentacles are not 
hollow, but are usually somewhat flattened and notched 
round the edges like delicate leaves. These corals form 
stocks which are sometimes knobbed or lobed, and some- 
times resemble a plant or tree with simple branches. The 
individuals of the stock are usually small, and rise hke 
minute white blossoms above the soft fleshy surface 


ALCYONARIAN CORAL 


of the stock, which has a peculiar reddish yellow 
glistening appearance. The stock attaches itself by 
means of a stem, or else rests loosely in the sand, 
generally at a moderate depth. These corals secrete 
carbonate of lime, but in no case in the same way as 
do the true corals or the hydrocorals. In both these 
latter the solid skeleton is formed by the outer skin, 
while in the present group the secretion takes the form 
of minute calcareous particles of definite shape scattered 
about between the outer skin and the lining of the 
body-cavity. > 

The illustration above shows an alcyonarian, as 
these corals are called, with its lower part modified into 
a stem free from individual polypes ; while the next 
figure exhibits a representative of another family, the 
sea-pens (Pennatulid@), which also form stocks divided 
into a polype-bearing area and a stem resting on the 
sea-bottom. In one of the simplest forms of the sea- 
pens (Veretillum) the upper part is simply surrounded 
by polypes, and the lower a cylindrical stalk. A stock 
of this last-named type may lie for two or three con- 

“ssecutive weeks like a wrinkled 
turnip at the bottom of an 
aquarium, with all its activities 
suspended. After a time, how- 
ever, the fine pores begin to take 
in water again, the surface 
becomes smoother, and gradu- 
ally, as the individual polypes 
appear and stretch out their 
tentacles, the colouring of the 
whole stock becomes more vivid 
and more delicate. The stock 
lengthens and thickens, and the 
white crowns of tentacles stand 
out in dazzling contrast to the 
red of their bodies and of the 
common trunk. The foot swells 
out ike an onion and becomes 
transparent, curves, and sinks 
into the stand; and the stock, 
which during its period of 
inactivity lay prone on the 
7) ground, assumes an erect posi- 
tion. In these sea-pens the 
_ parts of the stock may be 
\ compared with the parts of a 
' feather, the whole being bilater- 
ally symmetrical, and the single 
' = | polypes being carried on the 
& leat-like lateral appendages of 
the stem. The sexual animals, 
which are provided with all 
the organs necessary for a polype, take in the food 
and reproduce themselves. The other less perfect 
brethren, called zooids, although more or less resem- 
bling these, have remained at a lower stage of de- 
velopment, are smaller, and have neither tentacles nor 
reproductive organs. These zooids appear to perform 
only one function—namely, to pump water through the 
body of the stock. 

In addition to the small, isolated, calcareous particles 
already mentioned within the bodies of the individual 
polypes, sea-pens have a further support in the form of 
a calcified and often flexible axis, entirely concealed in 
the stock. The accompanying illustration represents 
Pievoides spinosa, in which.the polype-bearing leaves 
are supported by a number of calcareous rays which 

roject at the edges as spines. 

The best known of the sea-pens is the phosphorescent 
Pennatula phosphovea of the Mediterranean and the 
Atlantic. In this form the capacity for giving light is 
not possessed by the whole surface of the stock, but 
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Aiptasia couchii— Trumpet anemone 


Al. Echinus miliaris—Purple-tipped sea-urchin 
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Sea Gain 


Sagartia viduata— Snake-locked anemone 

Sagartia chrysosplenium—Gold-spangled anemone 
Ophiocoma rosula—Brittle starfish 

Actinoloba dianthus—Plumose anemone 

Sagartia miniata—Scarlet-fringed anemone 
Bunodes coronata—Diadem pimplet anemone 


Gl. & G2, Actinia mesembryanthemum-—Beadlet anemone 


Anthea cereus—Opelet anemone 

Comatula rosacea—Pink feather-star on tube of sabella 
Synapta digitata—A sea-cucumber 

Corynactis viridis—Globehorn anemone 

Bunodes thallia—Glaucous pimplet anemone 


Tealia crassicornis—Dahlia wartlet anemone 

Lophohelia prolifera—Tuft coral 

Sagartia parasitica—-Parasitic anemone on whelk-shell containing 

Euplectella aspergillum—Venus’ flower-basket [hermit crab 

Stomphia churchize—Gapelet anemone : 

Serpula contortuplicata—Colony of tube-forming Annelid 

. Tl. Peachia hastata—Arrow muzzlet. Body in sand and exposed 

Cucumaria hyndmanni—Sea-cucumber 

Asterias rubens—Five-finger starfish i closed 

W. W1.& W2. Caryophyllia smithii—Devonshire cup-coral, open and 

X. X1, Balanophyllia regia—Scarlet and gold star-co-al, open and closed 

Y, Sipunculus bernhardus—A siphon-worm in shell of turritella, on 
which is colony of balani : 

Z. Thalassema neptuni—A siphon-worm 
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STEPHANOMIA UVARIA 
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and yet others produce the 


NATULA GRISEA 


ACTINOLOBA DIANTHUS 
“Among the Hexactinia the sea-anemones take the first place. They spread over all seas, being especially plentiful in the 


zones, near the coast, at depths which bring them within the reach of every observer. They are distinguished by 
manner of life, their size, and their vivid and usually beautiful colouring. 


temperate 


: their solitary 
The skin is firm and leathery, and often covered with warts.’”’ 
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LAND-MOLLUSCS 


1, 2. Varieties of Helix hortensis 4. Buliminus montanus 6, 7. Helix nemoralis 10. Helix pomatia 13. Cyclostoma elegans 
3. Limax agrestis 9. Limax maximus 8, 9. Helix personata 11, 12. Clausilia ventricosa 14, 15. Varieties of Arion empiricorum 
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- kinds of channel for- 


CORAL-REEFS 


Many islands are bordered by a reef which protects 
the land from the sea like a mole. The barrier-reef 


- may occasionally be ten or fifteen miles from land, and 


enclose several high, islands. Various forms of reefs 
are found between the two extremes presented by 
such a barrier-reef and the simple fringing-reef. 

' The channel within the reef at low tide is sometimes 
hardly deep enough for navigation, or else it is blocked 
by masses of coral, which render its passage dangerous. 
At other times a reef encloses miles of open water, ten, 
twenty, or forty fathoms deep, but not free from hidden 
sources. of . danger ; 
masses of living coral, 
froma few square feet 
to several square miles 
in extent, rising from 
the bottom. In the 
Fiji Islands all these 


mations occur. 

dhe extent-jof the 
reefs, which include 
scattered banks and masses far below the surface of the 
water, varies greatly. On some coasts there are merely 
scattered groups or mounds of coral-rock, the tips of 
which project ; while, on the other hand, to the west 
of the Fijis there is an area covered with reef of about 
three thousand square miles. Other reefs are one 
hundred or one hundred and fifty miles long, and the 
Australian barrier-reef attains a length of one thousand 
two hundred and fifty miles. 

Passing from such a tropical island girt with coral- 
reefs, we come to what is more especially known as a 
coral-island proper, or atoll, 
which may be described as - 
the encircling reef without 
any island to encircle. It 
surrounds a calm lake of @ 
blue water, in striking con- 
trast to the restless ocean 
outside the solid circle. The ring of solid reef in 
this case is usually only one hundred to two hundred 
yards broad, and at some parts so low that the waves 
break over it into the lagoon. At other parts it is 
covered with tropical vegetation, but it rarely rises 
more than three to four yards above high-water mark. 

Seen in the distance from a ship, a coral-island looks 
like a row of dark points, which are the tops of the 
coconut trees first seen above the horizon. On nearer 
approach, the lagoon with its green border is.a wonder- 
fully beautifui sight. Outside of the reef is the heavy 
surf, and within the ; = ee 
white coral-strand is 
the thick band of | 
verdure and the en- | 
closed lake with its 
minute islands. 

In colour, the water 
of the lagoon, where 
it=as deep (ten. to 
twelve fathoms), 
matches the blue of 
the surrounding ocean, but delicate apple-green and 
yellow tints mingle with the blue wherever the sand or 
coral-rocks approach the surface. Although the girdle of 
reef covered with vegetation occasionally surrounds the 
lagoon, it is more often broken up into a ring of separate 
islets of various-sizes, between some of which navigable 
channels are found, giving admittance to the lagoon. 

The submarine fields of living coral spread along the 
coasts of the islands and the mainland. Just as the 
accumulated remains-of the primitive forests add layer 
after layer to the soil, so the coral-reefs are added to by 


Come: Dui: 


1821 


ISLAND WITH FRINGING 


SECTION THROUGH A CORAL-REEF 


fees 


CORAL-ISLAND, OR ATOLL 


the breaking down of old corals, by the shells of bi- 
valves and of other organisms. These fragments 
keep filling up the spaces between the separate living 
stocks, so that the level of the reef is constantly rising 
towards the surface. The currents and waves also take 
part in the building up of the reef. Masses of coral of 
all sizes, from great boulders to minute sand-grains, 
are broken up by the waves, and are cast upon the reefs, 
and then rolled about until quantities of fine detritus 
are produced, which, as calcareous mud, serves as a 
cement to bind the larger blocks together. A constant 
process of destruction 
goes on; some of the 
detritus being washed 
over the reef into the 
lagoon or canal, and 
some filling the spaces 
between the corals 
aong the edze of the 
rcef, while the rest 
remains upon the 
surtace. 

The layer of dead coral-rock ferming the foundation 
of the reef is bordered by living coral. While this living 
coral is always extending the reef horizontally, the 
waves are piling up the dead masses vertically, till they 
rise above the surface of the water. Thus dry land 
begins to form, and by degrees islands arise well out of 
the reach of the waves. The ocean is thus the builder of 
the coral-island as it appears above the waves, the 
material having been supphed in the first place by 
the coral-animals. The moment the island is above 
water, plant-seeds reach it from distant lands, and 
ere long cover it with vegeta- 
tion. The accompanying 
section of a coral-reef shows 
the slope of the reef, both 
towards the lagoon on the 
right and the open ocean on 
the left, the steep slope from 
shallow water to the land-level on the outer side, and 
the gradual slope on the inner side. The latter slope 
is then continued at almost the same angle, the quiet 
water not disturbing the slow accumulation and growth 
of the lagoon or canal shore. On the outer side of 
the reef, however, a broad terrace succeeds the steep 
slope, and surrounds the land which has risen above 
the sea, this terrace being exposed at low tide. 

We have still to mention some of the causes of 
modification in the form and growth of the coral-reefs. 
The presence of harbours in reefs and atolls can, as a 
, Yrule, be traced to the 
tides “and ~ to local 
ocean currents. There 


AND BARRIER REEFS 


is generally an outflow 
through the canals 
and openings in the 
reefs.= ~ TP his: is -ap- 
parently due to the 
fact that water is 
constantly being 
thrown by the larger 
waves over the lower portions of the reef into the canal 
or lagoon, and seeks either to escape as an undercurrent 
in opposition to the flood-tide, or else strengthens the 
ebb-tide. These and other similar disturbances of the 
water in the canals bring with them much coral detritus, 
and render the bottom altogether unsuitable for the 
growth of corals. Where such currents are strong 
they keep the canals clean and open. The action of 
the oceanic currents is often increased by the fresh 
waters coming from the central islands, and harbours 
are therefore very often found at the mouths of valleys 
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and of their small streams. The influence of the fresh 
water itself on the corals is not so great as is usually 
assumed, chiefly because it, being lighter than salt 
water, flows away on the surface of the latter and hardly 
touches the animals which grow below the surface. 

The most important point which needs elucidation is 
why some reefs encircle islands as a fringe extending 
from the shore, while others run parallel with the land, 
no longer touching it; others, again, forming circular 
lagoons with no island at all in the middle. This was 
the question which puzzled the first discoverers of 
reefs, and at one time it was supposed that instinct 
guided the animals in 
giving their structures 


water is at the level JV, two rocky islands are visible 
in a large lagoon surrounded by the reef (b’” 6”), with 
two small reef-islands (7 7’”) developed on mountain- 
peaks which have disappeared below the surface. The 
coral-rock has greatly increased in thickness, and almost 
entirely covers the former island. 

The simultaneous occurrence of atolls, barrier-reefs, 
and fringing-reefs in neighbouring regions does not 
coincide with the theory, nor does the appearance of 
atolls and barrier-reefs in regions in which recent ele- 
vation of the land has. been proved. The discovery of 
extensive submarine banks of sediment formed of the 
calcareous portions of 
foraminifera, deep-sea 


the form best suited 


corals, molluscs, etc., 


to withstand the force 
of the waves. 


makes it possible to 
explain the formation 


Darwin believed 
that all forms of reef 


of atolls and barrier- 
reefs without the help 


arise by the gradual praGgram EXPLAINING THEORY 
sinking of the land 
they surround. This 
theory has been confirmed in all essential points by 
Dana and Langenbeck. Other authorities have, 
however, differed. 

It is a known fact that large countries, such as Sweden 
and Greenland, are in the act of sinking, and we also 
have direct proofs that reefs and their islands have sub- 
sided. The depth of a reef, although not directly 
measurable, can be approximately estimated, and 
must, in many cases, be at least three hundred yards. 
Since the living portion of a coral-reef cannot reach more 
than eighteen to twenty fathoms, such a depth of reef 
can only be explained by the sinking of the land 
on which it stands. If, instead of sinking, the land 
rises, the reef would be lifted out of water; raised 
reefs three hundred feet high being known. This 
enormous thickness of reef can hardly be explained 
without a previous subsidence, inasmuch as such a 
height is greater than the known depth at which corals 
can live. The assumption that many reefs are’ the 
consequence of simple subsidence thus appears highly 
probable. The 
accompanying . . : 
diagrammatic 
section through 
an island and 
its reef illustrates 
the action of 
gradual _ subsi- 
dence. oe 
island at the 
water-line J has 
a simple fringing- 
reef (ff), a narrow 
rocky terrace at 
the level of the 
water, which first 
descends very 
gradually and 
then more steeply. 
Supposing the 
island to sink to 
the level JI, 
what would 
happen ? While 
the land has sunk, the reef has risen, and there is a 
fringing-reef (f’) and a barrier-reef (b), with a narrow 
channel (e’) between them. <A further subsidence to 
level J/I greatly increases the width of the channel 
(e”). On the one side (f”), the fringing-reef is retained, 
while on the other it has disappeared, a fact due to 
currents and other such agencies. Finally, when the 


PC Ys Sa 
sree at 


iy ‘ * 


CORAL-REEF 


nr 3 


OF 


For explanation of numbers see text 


AT LOW WATER 


of subsidence, this 
explanation being 
more probable than 
that involving the sinking of extensive areas of land. 
The formation of atolls can be explained by the better 
growth of the corals on the outer edges of the reef 
which are most exposed to the action of the surf, and the 
sweeping of the coral material out of the lagoon through 
the agency of oceanic currents, and the dissolving action 
of the carbonic acid contained in the sea-water. The 
deep canals which divide the barrier-reefs from the 
neighbouring mainland are formed in the same way. 
The enormous magnitude of the reefs which the theory 
of subsidence demands is nowhere realised. 

Neither among modern reefs nor among geological! 
formations do we find any traces of such gigantic 
masses of coral-rock. We are thus in face of a fasci- 
nating and important scientific problem, which still 
remains to be solved, a problem which was long thought 
to have found its solution. After Darwin’s and 
Dana’s subsidence theory had been generally for many 
years accepted as beautiful and completely satisfactory, 
it was urged that it is not always applicable, and that 
much simpler 
causes suffice to 
explain the phe- 
nomena. It is 
obvious, then, 
that we have an 
ample supply of 
possible explana- 
tions of coral- 
reeis, and ritias 
most probable 
that among the 
many scattered 
reefsin the world, 
in one case one 
set of factors 
has played the 
chief part, - aa 
another case a 
slightly different 
set, and, further, 
a detailed and 
exhaustive study 
of any _ particu- 
lar reef would probably reveal natural processes of no 
small importance which have not as yet been taken into 
account. A deep bore-hole put down in the island of 
Funafuti, one of the Ellice group, has proved that coral- 
rock descends to an enormous depth. So far-as it goes, 
this experiment is, therefore, decidedly in favour of the 
subsidence theory. 
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SUBKINGDOM PLATYHELMIA 
FLAT-WORMS 


TRE Ccelentera, described in the last section, may surfaces. It is also unsegmented—all in one piece, 
be described as two-layered animals, becauseany one and not made up of successive rings. 

of them can be practically regarded as a double-walled When a digestive cavity is present it opens to the 
bag, the cavity of which isa stomach. The flat-worms, exterior by a single aperture, which not only serves 
and all the remaining subkingdoms to be considered, as a mouth, but also for the rejection of undigested 
including the Vertebrata, possess a third layer (meso- parts of the food. The mesoderm is traversed by a 
derm) in which various system of fine canals 
organs are developed, which open to the 
between the two exterior, and are con- 
(ectoderm and endo- cerned with getting 
derm) alone found in rid of nitrogenous 
Coelentera, and are waste products. Both 
therefore collectively sexes are united in 
known as three- the same individual. 
layered animals. There is a_ central 
_ Flat-worms are soft, nervous system, con- 
usually flattened ani- sisting of a pair of 
mals, and are mostly aquatic or parasitic, though some __ thickenings (ganglia), from which variously arranged 
of them are found in damp places on land. The body cords are given off. 

is bilaterally symmetrical, exhibiting a distinction Flat-worms are divisible into three classes: (I) 
between head and tail ends and right and left sides, Whirl-worms (Turbellaria), (2) Flukes (Trematoda), 
as well as between upper (dorsal) and lower (ventral) (3) Tape-worms (Cestoda). 


CLASS TURBELLARIA—WHIRL-WORMS 


HE flat-worms included in the class Turbellaria swim almost like a skate by undulations of the sides 

glide over the surfaces of stones and water plants of the body. Creeping and swimming are mostly 

by the action of a uniform covering of cilia, and effected at night, the time when active feeding takes 
the little whirls or eddies set up have given the name place. 

of the group. The group Triclades includes marine, fresh-water, 

Whirl-worms are mostly found in salt _ __ and also land forms, distinguished from 
and fresh water, but some of them live in | , the Polyclades by the presence of three 
damp places on land. Though the vast / main branching tubes opening into the 
majority are of small size, some attain |-stomach. This is clearly seen in the 
considerable dimensions. Theyare highly | ' above figure of a fresh-water form 
carnivorous. Three chief orders can be (Planaria lactea) with protruded pharnyx. 
distinguished: (1) Polyclades, (2) Tri- The front end of the body, bearing two 
clades, (3) Rhabdocceles. eye-spots, is to the left. 

Polyclades are marine whirl-worms The terrestrial triclades are generally 
which may be almost circular, oval, or | | known as planarians, and a small species 
elongated. The mouth is situated on the (Geodesmus bilineatus) is figured. They 
under surface of the body, and when it ' are of narrow, elongated form, and may 
is in the centre, as in some of the rounded = be’ -of large ~Size® One such form 
types, there is marked resemblance to » (Bipalium kewense), first discovered in the 
the creeping ctenophores (Celoplana and -, greenhouses at Kew Gardens, may be as 
Ctenoplana),elsewhere mentioned (p. 1802). ~; much as 18 imches long when fully 
A muscular pharynx can be protruded bo f53 extended. -‘It is’ grey in colour, with 


STRUCTURE OF A TRICLADE 


from the mouth to secure prey, consisting A POLYCLADE three dark longitudinal stripes, and feeds 
of all sorts of small animals. The on earthworms. Some of the tropical 
pharynx opens into an ovoid stomach from which  planarians are very beautifully coloured. 

branching tubes radiate in all directions. In the oval The Rhabdocceles are nearly all aquatic whirl-worms 


or elongated polyclades the mouth may be shifted that live in salt or fresh water, and are distinguished by 
either forward or backward, and this constitutes one the simple tubular character of the digestive cavity. <A 
of the points in which ! typical fresh-water 
the various genera type (Mesostomum 
differ from one tetvagonum) is figured, 
another. the head with two eye- 

The accompanying spots being to the 
figure represents a right. The mouth is 
polyclade gliding here in the middle of 


I eS aed Sa a RE oa | aps 3 
down the surface of A PLANARIAN A RHABDOCELE the under side of the 
body. Onevery small 


a piece of seaweed, i 

its front end being : marine form (Convo- 

turned back. Two sensitive tentacle-like processes are /uta) is of particular interest because its tissues are 

clearly visible. crammed with minute alge, enabling it to live like a 
It may be added that rolyclades, and the same is green plant. Great numbers of these little creatures are 

true for all the thin aquatic whirl-worms, is able to found in tide-pools at Roscoff, on the coast of Brittany. 
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Geodesmus bilineatus Mesostomum tetragonum 


CLASS TREMATODA—FLUKES 


by a sheep its limy covering is dissolved by the gastric 
juice, and the young fluke, “thus liberated, wriggles up 
the bile-duct 


HE Class Trematoda includes flattened leaf-shaped 
parasites, provided with a varying number of ad- 
hesive suckers. The life-history is often complicated. 
We may take as an example the 
well-known liver-fluke (Fasciola hepa- 
tica), which lives, when adult, in the 
liver of the sheep, and sets up “ liver 
rot,” which at various times has oc- 
casioned enormous losses to the farmer. 
The leaf-shaped body is about an 
inch long, and there is a conical pro- 
jection at its front end, terminating in 
a sucker, within which the mouth is 
situated. This leads into a muscular 
pharynx that acts like a suction pump, 
drawing blood and broken-down liver 
substance into the forked intestine, 
each half of which beset with 
numerous branches (see figure). There 
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sucker placed far forward on the ventral surface. The 
body of the fluke is covered by a firm, horny cuticle, 
studded with innumerable minute spines, which 
prevent the parasite from slipping as it wriggles 
through the liver of its host. 

As in many parasitic animals— 


especially those which have a com- 
plicated life-history, spent in more 
than one kind of host—an enormous 
number of eggs are produced, the 
chances of survival being extremely 
small. The eggs pass down the 
bile-duct into the sheep’s intestine, 
ultimately reaching the exterior of 
the body. Should a particular egg 
fall into water a ciliated embryo 
(A) hatches out from it, and swims 
actively about -in search of the 
first small water-snail 
(Limnea truncatula). 

If unsuccessful in its quest within 
about ten hours the embryo dies. 
But if.a snail is found the embryo bores into its lung, 
assumes a rounded form, and loses the ciliated cover- 


ing, becoming an inert sporocyst. Within this, as 
internal buds, are formed a number of the next, or 
tedia, stage. This possesses a short, blindly-ending 
digestive tube, and a pair of 
muscular projections at the 
side of the body, which assist 
in locomotion. Liberated by 
rupture of the wall of its 
parent sporocyst, the redia 
makes its way to the liver of 


the snail, upon which it feeds. 


During the summer months 
several other generations of 
redie come into existence, 
being formed as buds within 


the bodies of their immediate 
predecessors. 

On the approach of autumn 
the next, or cercaria, stage is 
produced, these being formed 
within the bodies of the last 
brood of redie. The cercaria 
resembles a minute tadpole, 
and is practically a young fluke provided with a tail. 
It works its way out of the snail, swims to the edge 
of the water, and fixes itself to a stem or leaf of grass, 
losing the tail and secreting a firm calcareous covering. 
Should one of these minute white cysts be swallowed 
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into the liver of its host, and there 
becomes adult. From what has been 
said it will be realised that the original 
egg is able to give rise to a number of 
flukes, thus considerably increasing 
the chances of survival. 

It is convenient to divide the flukes 
into two groups: (1) External Para- 
sites, and (2) Internal Parasites. 

EXTERNAL PARASITES 

Before proceeding to describe the 
typical members of this group, mention 
may be made of a small (} inch long) 
but particularly interesting fluke (Tem- 
nocephala) found attached to crayfishes 
and other fresh-water animals in the Southern Hemi- 
sphere. It !ooks something like a minute cuttlefish, 
and feeds on small crustaceans and microscopic plants. 
Its interest lies in the fact that in many ways Temno- 
cephala resembles the whirl-worms, w hich suggests that 
flukes are a specialised branch from 
that stock. This particular fluke is 
not a parasite, and consequently has 
not undergone so much of modifica- 
tion as other members of its class. 

Flukes possessing three or more 
suckers, and often hooks in addi- 
tion, infest fishes, amphibia, and 
certain other animals. The figure 
represents two forms, Dactylocotyle 
and Anthocotyle, one (c) living 
attached to the gills of pollack, and 
the other (p} to those of whiting. 

A very extraordinary life-history 
is exhibited by a form (Di plozoon 
pavadoxum) which infests the min- 
now, and consists of two individuals 
(a in figure), permanently fused 
together. The eggs are laid on the gills of the host, 
and are drawn out into long anchoring threads (6). 
The survival of the larva (c) depends on its finding a 
minnow within a few hours. The larve attach them- 
selves to the gills of their host, rapidly increase in 
size, acquire inore suckers, and 
pass into what is known as the 
diporpa stage, a name given 
when they were supposed to be 
adult flukes. Each is provided 
with a minute knob on its 
dorsal surface, and a small cup 
on its ventral surface. After 
a time the diporpe fuse in 
pairs to produce the mature 
form. One of the two first 
attaches its ventral cup to the 
dorsal knob of the other, which 
in turn twists round and ac- 
complishes a similar feat. The 
two then become actually 
fused, and remain so for the 
rest of their lives. 

A curious fluke (Polystomum 
integervrimum), represented in 
the accompanying figure, lives when adult in the 
urinary bladder of the frog. The hinder part of the 
body possesses an expansion provided with several 
suckers and a pair of hooks, by which attachment 
to the host is effected, Jn the spring the fluke 
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TAPE-WORMS 


stretches part of its body out of the frog, and lays its 
eggs in the surrounding water. After several weeks 
a ciliated embryo devoid of suckers hatches out, and, 
if lucky, manages to attach itself to the gills of a 
passing tadpole, losing its cilia and gradually in- 
creasing in size. When the tadpole is becoming a 
frog, and losing its gills in consequence, the little fluke 
passes into the digestive tube of its host, ultimately 
finding its way into the bladder, where it becomes 
adult in five or six years. 


INTERNAL PARASITES 


The liver-fluke has numerous allies infesting a 
great variety of animals. They live in various parts of 
the body, and in many cases occupy three kinds of 
host in the course of their life-history. Perhaps the 
most interesting form (Distomum macrostomum) is one 
which, when adult, lives in the intestines of small 
birds. The eggs pass out of the body of the bird with 
the excrement, and if this happens to fall upon leaves 
they are liable to be swallowed by a small land-snail 
(Succinea putris). 


Within the body of the snail a minute embryo 
hatches out, which bores through the wall of the 
digestive tube of its host, and becomes a sort of bag 
(sporocyst), that develops into a large branching 
structure. 

Some of the branches are fertile, and large 
numbers of young flukes develop within them. Such 
branches push their way into the feelers of the snail, 
and acquire colours which give them a resemblance 
to caterpillars, each having a red spot at its tip and being 
marked with rings of white and green. They are 
distinctly visible from outside through the thin stretched 
walls of the tentacles, and they exhibit pulsations 
which increases the resemblance. Attracted by their 
appearance and movements, the small birds mentioned 
above peck off the tentacles of the snail, together with 
the fertile sporocyst branches and their contained 
young flukes. 

Should these be swallowed by the adult bird, they 
are destroyed by the gastric juice, but if fed to 
nestlings their investments are dissolved, and they 
pass on into the intestine to become adults. 


CLASS CESTODA—TAPE-WORMS 


"TAPE=WORMS are even more specialised than flukes, 

and just as these have in all probability descended 

from ancestors resembling the whirl-worms, so have the 

tape-worms taken origin from a fluke-like ancestral 
StOCK jam 

The common tape-worm (Tenia solium), when 

adult, inhabits the small intestine of human 

beings. It may be as much as g feet in length, 


\ and consists of a minute head (scolex) followed 
4 


by a large number of flattened joints (pro- 


dormant encysted, or bladder-worm, stage (Cysticeycus), 
a tape-worm head being formed by an ingrowth of the 
original vesicle. No further development can take 
place in the body of the pig, but if an underdone piece 
of “measly ’’ pork is eaten by a human being, the 
“measles,” or cysts, resume active growth. The 
covering of the bladder-worm is dissolved by the gastric 
juice, the tape-worm head protrudes from the vesicle, 
and when the intestine is reached attaches itself by 
means of its hooks and suckers. 


TAPE-WORMS 
A, Tznia solium; B, c, and p, head enlarged; F£, joint of Tznia saginata; F, bladder-worm stage with head beginning to form ; G, with head protruded ; 
H, part of cyst of Tzenia echinococcus 


glottides). The head is provided with a circlet of 
hooks and four suckers, by means of which it is able 
to hold on to the lining of its host’s intestine. There 
is no trace of a mouth or digestive cavity, nor are these 
necessary, for the parasite is bathed in a solution of pre- 
digested food. 

The proglottides are most probably to be regarded 
as a long series of buds produced at the hinder 
end of the head. If this is a correct view, the 
tape-worm is not a single animal, but a chain of in- 
dividuals. However that may be, each joint, or pro- 
glottis, contains a complete and complicated set of 
male and female reproductive organs, and there can be 
no doubt that self-fertilisation takes place. 

The ripe joints at the end of the chain contain a 
very large number of eggs, within which embryos have 
already developed, and from time to time they become 
detached to pass out to the exterior. 

Should such a joint, or the eggs liberated by its 


f, disintegration, be swallowed by a pig, the covering 


of each egg is dissolved by the gastric juice, and a little 
six-hooked embryo, shaped like a hollow sphere, emerges. 
By means of its hooks, the embryo bores into the wall 


- of the stomach, gets into a blood-vessel, and is carried 


by the circulation to a muscle. Here it passes into a 


The beef tape-worm (Tenia saginata) has a similar 
life-history, but in this case the ox is the intermediate 
host of which the muscles harbour the bladder-worm 
stage. 

The disease known as “ gid,” or “ staggers,’’ in sheep 
is due to the presence of the bladder-worm stage of a 
tape-worm in the brain, in the form of a large cyst 
able to produce a number of tape-worm heads. In 
this case the adult worm (Tenia cenurus) lives in the 
small intestine of the sheep-dog. A very small tape-worm 
(Tenia echinococcus), also found in the dog’s intestine, 
passes its bladder-worm stage in the liver or abdominal 
cavity of various hoofed animals, and this stage is here 
a very large cyst, from the walls of which smaller cysts 
are produced internally. Each of the latter gives rise 
to a number of tape-worm heads. Human beings are 
liable to be infested by the cystic stage of this notorious 
parasite, and it is said that 2 or 3 per cent. of the 
population of Iceland suffer in this way. 

It may be mentioned in conclusion that © there 
are a few small tape-worms which consist of a 
head, or scolex, only, and do not give rise to a 
chain of proglottides. It is these which most nearly 
approach the flukes in structure, and come nearest 
the ancestral stock, 
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SUBKINGDOM NEMATHELMIA 
| THREAD-WORMS 


HE subkingdom Nemathelmia includes an immense 
number of worms with cylindrical bodies tapering at 

the ends. There are no limbs, and the body is not made 
up of a series of rings or segments as in earthworms, 
etc., which belong to another subkingdom. There is 
usually a complete digestive tube, and the sexes are 


RHABDITIS 
a, female form ; 4, brood-pouch (enlarged) 


generally distinct. Some of the thread-worms live in 
the sea, fresh water, or damp earth, but the great 
majority are parasites, not infrequently of dangerous 
character. 

The subkingdom is divided into two classes: (1) Ordi- 
nary Round-worms or Thread-worms (Nematoda) and 
(2) Spiny-headed Worms (Acan- 


thocephala). To these are com- 
monly appended (3) Arrow- 
worms (Chetognatha), marine 


forms of doubtful affinity. 


NEMATODA 


A good example of a thread- 
worm which is not a parasite is 
the little vinegar-eel (A nguzllula 
aceti). Common in sour paste 
or dirty vinegar, a female is re- 
presented in the annexed figure. 
The broad head is seen above, 
and the slender tail below. The 
digestive tube is shaded, and a 
number of eggs are to be distinguished on the right. 
Many of the near relatives of this form live in the 
soil, while others attack various cultivated plants, 
producing such diseases as ‘‘ beet sickness.” 

Some of the largest members of the subkingdom are 
the ascarids, to which the name round-worm is more 
properly applied. One species 
(Ascavis lumbricoides), infests the 
small intestine of human beings, 
occasionally to the number of 
several hundreds. In this case the 
female is from to to 14 inches long, 
the much smaller male from 4 to 6 
inches. The latter may be recog- 
nised by the sharply curled tail. 
A still larger species (A. megalo- 
cephala) is found in the horse and 
allied animals, and a smaller species 
(A. mystax) in dogs, cats, and other 
carnivorous mammals. 

An extraordinary life-history is 
presented by a small form (/thab- 
donerA& nigrovenosum) which in an early so-called rhab- 
ditis stage dwells in the excrement of frogs. Here 
pairing takes place, and the eggs hatch out within 
the body of the female, the internal organs of 
which are devoured by the larve. Having immolated 
their mother, these live for a time in water or mud, 


DOCHMIUS 


a, entire ; J, head, and c, tail (enlarged) 


VINEGAR-EEL 


DUODENALIS 


and if swallowed by a frog make their way into its 
lungs, there growing to the length of about an inch. 
In this stage the sexes are united, the male organs 
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LARV2 OF GORDIUS 

a, shows proboscis, and 4, circlets of hooks on head; in c, two 
examples are in foot of larva of May-fly 

maturing before the female ones. Fertilised eggs 

are ultimately produced, and the larve which 

hatch out of them pass into the digestive tube of the 

host, and thence to the exterior, when they pass into 

the rhabditis stage already mentioned. 

The strongyles are a group of dangerous parasites, 
in which the mouth possesses 
spines or tooth-like projections, 
by which the tissues of the 
host are lacerated. One very 
objectionable species (Dochmius 
duodenalis) burrows in the wall 
of the small intestine’ in 
man, producing the often fatal 
disease known as miners’ anemia. 
They are swallowed with drink- 
ing water, and are often associated 
with imperfect sanitation. A 
related form, much dreaded by 
the poultry-keeper, is the gape- 
worm, or forked-worm (Syngameus 
trachealts), which infects the wind- 
pipe and other air-passages in 
fowls, causing the disease known as “‘ gapes.”’ 

The adult worm is about three-quarters of an inch 
long, and resembles a Y with along stem. The slender 
branch of the Y is really the male, permanently 
attached to his partner. The embryos abound in the 
soil of neglected poultry-runs, and earthworms appear 
to have something to do with their 
distribution. Ithas been estimated 
by Crisp that this parasite causes 
the death of half a million pullets 
every year in England, a total loss 
of at least £25,000, a not incon- 
siderable sum. 

We may probably regard a minute 
thread-worm known as Tvrichina as 
being the most dangerous parasite 
in the class. When adult it lives 
in the intestine of many mammals, 
including man, pig, and rat. The 
female is not more than one-sixth 
of an inch long, and the male (see 
figure) much smaller. The former 
produces living young, which bore into the wall of the in- 
testine, and are mostly carried in the blood-stream to the 
muscles, where they become encysted. It is estimated 
that thirty or forty millions of them may be present in 
the same host, and the result of their presence is the 
disease called trichinosis, which is often fatal. Human 
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ARROW-WORMS 


beings contract it by eating diseased pork which has not 
been sufficiently cooked, and the pig is infected by de- 
vouring diseased rats or the infected flesh of their fellows. 

One of the tropical scourges to human beings is the 
guinea-worm, the female of which lives under the skin, 


boned animals. The front end of the body is 
provided with a kind of proboscis beset with 
spines, which enable attachment to the host. The 
spiny-headed thread-worm (Gigantorhynchus gigas), 
which infests the pig, is the largest member of the 


and may attain a considerable length. 


painful swellings, and when these 
may gradually be removed by 
winding it round some narrow 
cylindrical body. If this is not 
done with extreme care the para- 
site is ruptured, and the numerous 
embryos escape, to develop into 
adult worms. Usually the em- 
bryos make their way into the 
bodies of minute fresh-water 
crustacea (Cyclops), and thus get 
taken up by human beings in 
drinking water. 

The slender, elongated gordian 
worms are mostly found in fresh- 
water puddles, and are species of 
the genus Gordius. A number of 


intertwined into a complicated tangle. 
laid in strings on water plants, and when swallowed by 
insects undergo further development, ultimately making 
their way to the exterior. They were formerly believed 
by rustics to be horsehairs which had come to life. 
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TRICHINA COILED UP IN HUMAN MUSCLE 


individuals are often them 
The eggs are 
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SPINY-HEADED THREAD-WORM 
a, shows head enlarged 


Acanthocephala 
of a _ digestive 
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while swimming. 
with a kind of hood, 
that are employed 
the small organisms that serve as food. The complex 
include a 
system ; there are two eyes and other sense organs ; 


and the sexes are united in the same individual. 
other plankton animals, the arrow-worms form part of the 
food of various fishes. They occur in vast numbers, and 
are very widely distributed. 


class, the female varying from 4 to 26 inches in 
The early part of life is passed within the 


grubs of various beetles, that 
of {he cockchafer being a com- 
mon host in Europe. 


CHAT OGNATHA 


The arrow-worms (class Cheto- 
enatha) are marine forms) that 
form part of the floating popu- 
lation (plankton) of the sea, 
and are of doubtful affinities. 
They are nearly transparent, 
and move with great rapidity 
by bending their bodies to 
either side alternately, fin-like 
expansions serving to balance 
The head is surrounded 
which are a number 
in seizing 


within 


well-developed nervous 
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SUBKINGDOM 


ECHINODERMA 


SEA-LILIES, STAR-FISHES, SEA-URCHINS, & SEA-CUCUMBERS 


THE star-fish, the sea-urchin, the brittle-star, the 
feather-star, and the sea-cucumber—especially the 
three former—are well known to all frequenters of the 
seashore ; while various fossil forms are no less familiar 
to dwellers inland. They and their relatives are placed 
in one great group of animals, the subkingdom Echino- 
derma—a group corresponding in importance to the 
molluscs or the vertebrates. 
If an echinoderm be touched 
with the finger, its skin will 
be found to have a rough 
surface, due to the presence 
of a crystalline deposit of 
carbonate of lime. Ina sea- 
urchin, a brittle-star, or a 
feather-star, this deposit is 
in the form of little plates, 
which build up a more or 
less rigid test ; whereas in the 
star-fish it usually forms a 
kind of scaffolding, between 
which there stretches the 
more yielding, leathery skin. 
In the ordinary sea-cucum- 
bers the deposit consists only 
of small spicules, easily seen so 
under the microscope. It is iow 
this same deposit that forms 
the spines of a sea-urchin 
and the stalked column of a crinoid ; and it is this 
which has enabled so many of the forms to be beau- 
tifully preserved as fossils. To this character is 
due the name of the group, derived from the Greek, 
echinos, a hedgehog, and deyma, skin. The tendency 
of the echinoderms to deposit lime is not confined 


to the skin, the walls of the internal organs 
being often strengthed by similar material. 
The next feature noticeable is the 


radiate symmetry, in many cases giving 
to the animal a star-shape, to which 
the common names Star-fish, brittle-star, 
and the like are due. The ordinary red 
star-fish, or cross-fish, of the English 
coasts has five distinct rays, or arms; and 
this number five, to a greater or less 
extent, controls the arrangement of the 
organs in the majority of the echino- 
derms. The internal organs, as will be 
seen later on, are variously affected in 
the various classes of the echinoderms 
by this five-rayed symmetry. 

Examining a star-fish or a sea-urchin, 
one sees, on the under surface of the rays 
in the former, and passing in five bands 
from top to bottom of the latter, a 
number of small cylindrical processes, 
which are usually gently waving about 
like trees in a wind. They lie in each 
band, or in each ray, along two rows, 
with a clear space between, like trees on 
either side of an avenue; hence the whole 
band of them in each ray is called an ambulacrum 
(garden-walk). Most of these little processes end 


in sucker-like discs, which the animal can _ stretch 
out and attach to smooth surrounding objects ; 
and it is thereby able either to hold itself firm 


against waves or currents, or to pull itself along. 
Hence these processes are usually called tube-feet ; 


SEA-PORCU PINE 


ANCHOR SEA-CUCUMBER 


a, tentacles round mouth}; ¢, 
And plate-shaped spicules ; 
similar spicules of an allied form 


but sometimes they end in a point, and cannot assist 
in locomotion, though they may help respiration, 
when they are sometimes called tentacles. 

The movements of tube-feet are caused by 


the 


squeezing of a fluid into them ; for each foot is like an 
indiarubber tube closed at the end, and passing through 
the test (as the shell 


of the sea-urchin is termed) to 
join with one main tube 
which runs along under the 
ambulacrum in a_ radial 
direction; and before it 
joins this radial canal each 
tube-foot gives off a small 
swelling likewise filled with 
fluid, so that when this swell- 
ing is contracted all the fluid 
is squeezed up into the foot, 
and pushes it out like the 
finger of a glove when blown 
into. The radial canals pass 
along under the ambulacra 
till they join in a ring-canal 
surrounding the mouth. 
Eventually this circular 
canal is connected with the 
surrounding water by a canal 
passing right across the body- 
cavity to the other side 
of the animal, near the 
vent, where it opens to the exterior through a plate 
pierced with a number of pores. This plate is called 
the madreporite, and the canal leading to it— 
owing to the limy deposits formed in its walls—the 
stone-canal. This whole system of fluid-filled canals 
is termed te water-vascular system. The foregoing 
description refers to its arrangement in a Star- fish or 
regular sea-urchin; but the system occurs, with 
various modifications, in all echinoderms, 
and is one of the features that separate 
the group from other animals. 

The echinoderms are also peculiar in 
the possession of three, or perhaps four, 
different systems of nerves, of which 
three, or at least two, are present at the 
same time. One system supplies the 
skin, the tube-feet, and the intestine, its 
chief parts being a ring round the mouth 
and radial nerves radiating therefrom. 
The second system has a similar arrange- 
ment, but lies deeper, and supplies the 
internal muscles of the body-wall. The 
third system, whichis most fully developed 
in crinoids, starts from the other side 
of the body, opposite to the mouth, and 
supplies the muscles that work the arms 
and stem. If the arm of a star-fish be 
opened from the back, there will be 
seen a pair of pleated extensions from 
the stomach. If these be removed, there 
will be exposed a pair of orange-coloured 
tubes, somewhat branched and knotty, 
which communicate with the exterior at the angles 
between the rays. These are the generative glands. 


anchor 
6, c,and «, 


In all echinoderms, except sea-cucumbers, these 
glands are affected by the radiate structure of 
the animals; in crinoids the generative  pro- 


ducts are even produced in the extremities of 


the arms. 
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star, and a sea-cucumber 
position in the living state. In an 
ordinary sea-cucumber the body is 
cucumber-shaped, with the mouth 
at one end and the vent at the other; 
between these run the five ambu- 
lacra, one or two of which are 
often more developed than the 
others, so that the animal crawls 
along on that side of its body, with 
its mouth foremost. A sea-cucumber 
has no arms or projecting rays, but 
its mouth is.surrounded by a circlet 
of tentacles, often branched, which 
~can be retracted at will. 

A regular sea-urchin, such as the 
sea-egg (Echinus), resembles a sea- 
cucumber in being without project- 
ing rays, but it is more spherical 
in shape, and moves with its mouth 
towards the sea-floor. On the other 
hand, in a heart-urchin (Spatangus), 


which moves through and swallows mud and sand, the 
body has become transv ersely elongate—that is to say, 

he long axis is at right angles to the position it 
the mouth having moved 
a little forward, and the vent being transferred from 


occupies in a Sea-cucumber ; 


the top of the body to its lower 
surface, so that both the mouth 
and vent lie on the under surface, 
at either end of the long axis. 

In a star-fish, as in a regular 
sea-urchin, the mouth is in the 
centre of the under surface, while 
the vent is almost in the centre 
of the upper surface, although 
absent in a few forms. The body 
is either markedly pentagonal in 
outline, or more or less star- 
shaped. In the latter case it is 
said to consist of a central disc 
extended into arms, as in. the 
illustration on page 1831. The 
number of these arms varies from 
five (Astevias) to over forty 
(Heliaster) ; but in each species 
with more than six arms the 
number may vary slightly, al- 
though constant during the life 
of the individual ; in Labidtaster, 
however, fresh arms grow out even 
in the adult. 

A brittle-star resembles a star- 
fish in which there is a sharp 
distinction between arms and 
disc; the mouth being on the 
under surface, but the vent 
wanting. And whereas the arms 
of a star-fish are simply exten- 
sions of the body, containing the 
generative glands and processes 
from the stomach, those of a 
brittle-star are mere appendages 
to the body, with a stout internal 
skeleton of separate ossicles, work- 
ing on one another by well- 


developed muscles, and containing only blood-vessels, 
The arms of the brittle- 


water-vessels, and nerves. 
stars are nearly always five in 
sometimes there may be from six 


STRUCTURE OF ECHINODERMS 


We may now shortly examine the main characters 
in which a sea-urchin, a star-fish, a crinoid, a brittle- 
differ from one 
First may be noted obvious differences in form and in 


another, 


AMBULACRAL SYSTEM OF A LPs eat 


J; small swellings connected with tube-feet ; p, radia! 

canal with which they unite ; 2, ring-canal Be which 

radial canals open ; ¢, d, membranous sacs that serve 

as reservoirs: for water from radial canals: a, stone- 

canal, leading from ring-canal to madreporite, 3 
mt, mouth, 


vascular, 


along the 


BRITTLE-STAR 


number, 
to eight, 


though 
As in 
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the star-fish, the arms are unbranched, 
the family ‘A strophytide, where they fork ten or 
twelve times, and where the numerous branches inter- 
lace so as to form a kind of basket-work all round the 


water-vascular, 
The representatives of the tube-feet are arranged 
sides of these arms, 
oral, surface, and between them is a 
lined at the bottom with cilia, or extremely minute 


holothurians, however, 
estuaries and brackish-water lagoons, while a star-fish 
(Asteracanthium) and a brittle-star (Ophioglypha) occur 
in the brackish waters of the Eastern Baltic. 


except in 


disc, whence these animals are 
called basket-fish, or medusa-head 
star-fish. 


A crinoid differs markedly from 
a sea-urchin, star-fish, or brittle-star 
in that the mouth faces upwards, 
the vent being also on the upper 
surface. This position is due to the 
fact that, so far as we know, all 
crinoids are at some time of their 
lives attached by a stalk to the 
sea-floor, or some other object, so 
that the mouth and vent naturally 
move up to that side of the body 
furthest from the stalk. This fixed 
state of existence has also caused the 
development of arms, five in number, 
but often forked many times, which 
arms stretch out from the body on 
all sides of the mouth, and contain 
extensions of the nervous, blood, 
and generative systems. 


on their 
groove, 


upper, or 
which is 


hair-like processes, that keep 
waving in the direction of the 
mouth, and so maintain a constant 
stream of water towards. the 
latter ; such water containing the 
minute animalcule and fragments 
of decaying organic matter on 
which the crinoid feeds. 

The extinct cystids and blastoids 
have their mouth in a similar 
position to that of the crinoids, 
and for a similar reason, but have 
not similarly branched arms. In 
the blastoids five grooves radiate 
down the body from the central 
mouth, and from the sides of 
these grooves there spring small, 
jointed, but unbranched  pro- 
cesses, called pinnules. The stem 
of the blastoids is very short, so 
that when the pinnules have been 
lost, as is usually the case, the 
five-grooved body looks like a 


bud, whence the name of the 
class. It is difficult to describe a 
cystid as having any definite 


shape, for the various animals to 
which this name is applied differ 
greatly from one another in 
structure. Echinoderms are built 
upon one or other of the plans of 
structure just described. Echino- 
derms only live in the sea, where 
they find in solution the lime-salts 
from which their skeletons are 
built. None have become modified 
for a truly fresh-water existence, 
and in: this respect they are 
peculiar among animals; a few 
are found in the mud of some 


CLASS CYSTIDEA—CYSTIDS 


TH Cystidea, a detailed account of which would be out 

of place here, have been extinct since the Carboni- 
ferous period. Not only are they among the oldest 
animals, but there is reason to suppose that they 
approach more nearly the primitive forms from which 
all the classes of the echinoderms were derived. Many 
have not that regularity of symmetry which charac- 
terises later echinoderms. Some forms are mere round 
balls composed of a number of plates in which it is 
hard to see any arrangement. Some of them seem to 
have been unstalked, while in others the stalk is quite 
short. The arms are short, and vary in number, bearing 
but slight relation to the plates of the test. 


Other cystids seem to be composed of an irregular num- 
ber of plates; but they have become more definitely 
radiate instructure. Yet other cystids are definitely at- 
tached by well-developed stalks, and have their bodies 
enclosed by a limited number of plates arranged in 
regular order. Some of these present a six-rayed 
symmetry, while others are governed by a five-rayed 
symmetry. 

“Both of these groups have, as a rule, better 

developed arms, which sometimes branch, and are 
usually five or six in number, according to the sym- 
metry of the cup. Hence these forms are much more 
like the crinoids than are the other cystids. 


CLASS CRINOIDEA—SEA-LILIES 


TH crinoids differ from the more highly developed of 
the cystids in the greater regularity of their struc- 
ture, the symmetry of which is nearly always governed 
by the number five, and in the greater development of 
the arms, which are often much branched. Slight con- 
sideration will show why the number five has been 
favoured by these particular animals. The body of a 
crinoid is encased by a limited number of relatively 
large plates, united together by the skin in which they 
are developed, and it is clear that the sutures between 
these plates are lines 
of weakness. Suppos- 
ing that there were 
four plates in each 
circle, then the four 
sutures would be in 
opposite pairs, and 
the lines of weakness 
would run right across 
the body of the ani- 
mal, which would 
easily be broken ; 
and the same result 
would follow if there 
were six plates and 
three pairs of opposed 
sutures. Though the 
test might be more 
flexible, still there 
would be three lines 
of weakness in each 
circle instead of two. 
But when there are 
five plates, each suture 
lies opposite to the 
middle of a plate, and 
so the line of weakness 
does not run right 
across the body. 

The alternation of 
the plates in a crinoid 
may be explained by 
similar mechanical 
considerations, for 
such an arrangement 
corresponds to the bonding of successive courses of 
bricks in a wall. There is reason to suppose that the 
ancestors of all crinoids, as well as most of the 
Palaeozoic crinoids, were attached to the sea-floor or 
some other object throughout life by the stem. 

Sea-lilies have been placed at a disadvantage in 
the struggle for existence by their inability to move 
about, and for long ages they have been declining in 
numbers, until they are now comparatively rare and 
only found in the deep sea. The only common members 


rege BS 
STALKED CRINOID, 
SEA-LILY 


OR 


of the class at the pfesent time are the feather-stars 

(Comatulid), of which the rosy feather-star (Comatula 

vyosacea) occurs in British seas. These creatures have 

given up the stalk, although this is present in early 
life. The family dates from the Jurassic period, and 
includes not only numerous species of Comatula, but at 
least as many more of a closely allied genus, Actino- 
metra, as well as three other less common genera. 
Next to the stem, the most characteristic structures 
of a crinoid are its arms. Each arm starts from one 
of the five plates that 
form the uppermost 
circlet in the cup. 
The arms are said to 
be radial in position, 
and those plates from 
which they start are 
specially distin- 
guished as the 

“ radials.” 

The locomotion of 
the feather-stars is 
effected by the raising 
and depressing of 

; alternate arms, and 

' the movements of 

these arms are cor- 

related by the peculiar 
nervous system that 
has its headquarters 
at the bottom of the 
cup. This swimming 
has been observed in 
both Comatula and 

Actinometra kept in 

an aquarium. AS a 

rule, however, these 

animals remain at- 
tached by their cirri 
to rocks, to the bot- 
tom ooze, toseaweeds, 
or to other marine 


ROSY FEATHER-STAR CLINGING  @nimals. In this 
TO TUBE OF SABELLA-WORM position the arms are 
, outspread, and _ the 


small branches, or pinnules, that line their sides are kept 
slightly waving. If the water be ruffled, the first im- 
pulse of the crinoid is to flatten its arms out suddenly 
and to-hold or to the rock or other object with its 
pinnules. 

The pinnules of a Comatula can be bent in any direc- 
tion, those near the extremity of the arm _ being 
specially active. If its extremity be touched by any 
irritating substance, the arm is erected at right angles 
to the upper surface of the animal, and so removed 


‘ 
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STAR-FISHES 


from the other arms; while the pinnules jae eee «Stalked crinoids live chiefly in colonies, 
move something like the legs of a fly that ‘ but this is due less to sociability than to 
is cleaning itself. If, however, this proves limited powers of motion even in the 
ineffectual, the arm bends over to the one larval state. 
on the opposite side, the pinnules of which The food of crinoids consists chiefly of 
then assist in the operation. The pinnules foraminifera, diatoms, and the adults 
move in this manner to disembarrass the of small and the larve of larger crus- 
arm of fragments of foreign matter that taceans. Crinoids themselves form food 
are too large; but the hooks at the end for fish, though nowadays their place 
of the pinnules can catch and retain minute seems to be taken by the brittle-stars 
fragments, which, as they decay, attract and an occasional sea-urchin. As _pro- 
animalcules, and so furnish food for the tection against such attacks, some cri- 
animal. noids have been provided with spines. 

At the present day crinoids live in all | \Y 4 The stalk has no doubt been evolved 
seas at depths between fifty and three US® 


Mines tO prevent these animals from being 
thousand two hundred fathoms, but they MEDUSA-HEAD smothered by additions to the oozes 
prefer clear and undisturbed waters. PENTACRINID in which they live. The stages in the 
The same has been the case in former a, crown and part of stem; 4, evolution of a stalk may be gathered 
geological periods, for while crinoids are Se EM er to central hy studying the extinct cystids. It 
abundant in lmestones, of which their was at first simply a narrower region 
own remains form large masses, they are much rarer of the body, ultimately becoming an appendage 
in sandstones and shales. Unstalked as well as _ of considerable length. 


CLASS BLASTOIDEA—BLASTOIDS 


HE Blastoidea constitute a compact group, pretty canals meet in a circular canal round the mouth, but 
clearly marked off from both Cystideaand Crinoidea, there is no evidence that they were connected with 
which they resemble in the upward position of the tube-feet as in other echinoderms. Each side of each 
mouth and the generally fixed habit. The chief character ambulacrum was lined by a row of delicate, unbranched 
that separates blastoids from other echinoderms is the arms; and the food-grooves of these arms passed to a 
presence of an elongate plate, the lancet-plate, under- single groove running down the middle of the surface 
lying the ambulacrum and pierced by a canal supposed of the ambulacrum, and these five grooves then passed 
to have contained the radial water-vessel. These five up to the mouth. 


CLASS ASTEROIDEA—STAR-:FISHES 


1TH the Asteroidea we come to echinoderms that ably derived from the smaller spines; two of these 
differ from those hitherto described, and resemble united at the base by a muscle, and slightly curved so 
those to be dealt with, in that none of them _ as to approach one another at the ends, 
are fixed, but all are free-moving, and in the § form the simplest kind of pedicellaria ; and 
fact that the mouth is not directed upwards. by gradual modifications of this type all 
There is, however, reason to believe that the varieties inay be derived. 
these free forms are, like the free crinoids, Many uses have been ascribed to the 
descended from ancestors that were fixed. pedicellarize, such as holding pieces of food, 
In a crinoid the mouth moves upwards to or removing dirt from the surface of the 
the surface opposed to this organ of attach- test. In some sea-urchins they are provided 
ment, and there becomes surrounded by with poison-glands, which seems to show 
arms, which similarly face upwards ; but in that they serve as weapons of offence in 
an asteroid the mouth and its surround- those cases. It has been considered that 
ing arms are bent downwards so as to in sea-urchins their chief use is to catch 
face the sea-floor, and the animal, in- hold of fronds of seaweed and keep them 
stead of collecting its food from the water PEDICELLARIZ steady until the spines and tube-feet can 
above, extracts it from the mud below. Cor- 4, two-jawed, closed; 4 be brought into action. The inner surfaces 
related with this mode of life, the vent and OF eM Bice og of the forceps in the pedicellarie are remark- 


madreporite are on the upper side of the body. ably sensitive, and the blades close on any minute object 
The so-called pedicellarie are interesting and immediately their inner surfaces are touched by it. 


characteristicstructures. ' Besides spines and 


pedicellariz, — star-fish 
also have on the sur- 
face of the skin small 
tubular processes, con- 
taining an extension of 
the body-cavity. These 
have very thin, con- 
tractile walls, and 
doubtless serve to assist 
respiration. All star- 
fishes have _ tube-feet, 
but in some these have 
no suckers at the end, 
and in all cases those 


These are small pincer- 
like organs that occur 
in star-fishes and sea- 
urchins, on the surface 
of the test, as shown 
in the illustration. The 
movable spines covering 
the surface of these 
animals, and varying in 
size from minute, deli- 
cate, bristle-like struc- 
tures to long. rods, 
which may be thin 
and pointed, or thick, 
or even globular, are which are at the ends 
familiar to all. The Oe os of the rays are used 
pedicellarie are prob- A STAR-FISH only as feelers, and are 
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stretched in the direction in which the animal is moving. 
At the extremity of each arm is a single tube-foot, which 
is the first to be formed, and is known as the unpaired 
tentacle, this being always stretched straight out. Im- 
mediately above this tentacle is a small eye, coloured 
by red pigment, and protected by small spines, 
Star-fish are sluggish animals, rarely moving of 
themselves, and staying for days in the same position. 
Those kept in tanks or in glass vessels prefer to cling 
to the side instead of lying on the bottom. When 
disturbed, however, a star-fish can travel at a con- 
siderable pace. Those star-fish that have suckers 
crawl by means of their tube-feet, while those that have 
no suckers still use their tube-feet slightly, but also 
progress by the muscular movements of the rays. 


The short-armed Asterina and Astropecten can right 
themselves in less than a minute, and accomplish the 
act by raising themselves on the tips of four rays, 
and then turning a somersault by throwing over the 
fifth ray. Asterias takes rather longer, and effects 
its purpose by first twisting over one or two of the rays 
and catching hold of the ground by the suckers. It 
then gradually turns over the rest of the body. Cribrella 
rights itself in the same way as Aste/ias, but, appa- 
rently because of the stiffness of its skeleton, takes 
much longer over the process. Star-fish, like other 
echinoderms, are a sociable class. Even the deep- 
sea forms sometimes live in swarms. Many shallow- 
water forms also are gregarious, and some species have 
been observed to pair at the breeding season. 


CLASS OPHIUROIDEA—BRITTLE-STARS 


HE name Ophiuroidea, given to the brittle-stars, 
refers to their long, serpent-like arms, which are 
attached to a relatively small and usually rounded 
body or disc. The digestive and generative systems do 
not extend into the arms, but are confined to the 
body ; so that the arms are appendages to the body 
rather than portions of it. They are cylindrical, and 
have no groove on the under side, such as exists in 
star-fish, but have little openings through which the 
tube-feet pass. In this class it is the arms themselves 
and not the tube-feet that are used for locomotion. 
The tube-feet accordingly have no terminal suckers, 
but are very sensitive to touch, 
and probably assist respiration. The 
greater part of each arm is formed 
by a central axis of successive cal- 


careous segments, not unlike the 
vertebre of a backbone. Each arm- 
ossicle or vertebra is, however, com- 


posed of two parts, one on either side, 
and united in the middle line; the 
successive ossicles being connected 
by pairs of strong muscular bundles, 
and articulating with one another by 
tenon-and-mortice joints. 

The spines, which are clearly shown 
in the annexed figure of Ophtothrix, 
are borne on the side-plates of the 
arm, and aid the animal in_ loco- 
motion. The integument of the disc 
also bears plates or scales of various 


pouches, through the slits. The entering water brings 
oxygen, which it exchanges, through the thin walls of 
the pouch, for the carbonic acid contained in the water 
of tie body-cavity, and then goes out again by the 
return current. Henge the pouches are called respira- 
tory burse. But they have another function, since 
the ovaries enter into them, and the ripe ova may 
either be carried out by the current through the slits, 
or they may remain and undergo direct development 
in the pouches themselves. 

Around the mouth are a number of short, flat pro- 
cesses, Or papille, serving as strainers, and keeping 
foreign bodies that are not wanted 
for food from entering the stomach. 
Round the mouth are also twenty 
tentacles, which are really the modi- 


fied tube-feet of the two first arm- 
segments of each arm. They are in 
a state of continual movement, 


assisting the food to enter, and clear- 
ing away the undigested residue which 
is ejected from the mouth. 

The branched ophiurids, or Clad- 
obhiure, are sedentary, attaching 
themselves by coiling their branch- 
ing arms around corals and_ such- 
like animals, but can move when 
they ° please. The same mode of 
life is also affected by a few of 
the simpler forms; but, as a rule, 
ophiurids have considerable powers of 


sizes, often more or less covered locomotion. Most walk rather than 
a 2S d minute — spines. sreep, raising »mselv i 
with granules and m e spine COMMON. BRITILE.STAR creep, raising themselves on _ their 
Che precise arrangement of the plates five arms as upon legs, stretching 


on the top of the disc varies in different species, 
but five pairs of plates, known as the radial shields, 
are always present at the base of the arms, and 
are shown in the figure. On either side of the 
arms where they join the disc, there is seen on the 
under surface a slit-like opening. These openings, 
known as the genital slits or clefts, are usually single 
but sometimes double; they lead into thin-walled 
pouches. or burse at the sides of the rays. 

In a living ophiurid the disc alternately expands and 
contracts, and thus water is pumped into and out of the 


out one or two arms in front, and drawing the rest of 
their body in the same direction. In other forms, 
however, the rays of the body undulate laterally, and 
produce a creeping serpentine movement. : 

The little Amphiura, which lives under stones, among 
the roots of seaweed, can turn its arms very quickly 
around its disc, and so form itself into a little 
ball; thus, if it is disturbed, it can roll and sink 
quickly into deeper parts of the water. Some- 
times ophiurids are seen to progress by a kind of 
rowing motion of the arms. 


CLASS ECHINOIDEA—SEA-URCHINS 


HE sea-urchins are the best known, as they are the 
most numerous of all echinoderms. The illustration 

on page 1834 shows the test, or shell, of the egg-urchin, 
with the spines on the right side, but scraped away 
from the left. The plates of the test are seen to be 
covered with rounded tubercles of various sizes, and 
it is to these that the spines are attached by a ball- 
and-socket joint, surrounded by muscles that can move 


the spines in any direction. The tubercles do not, 
however, cover the whole test indiscriminately, but 
are disposed chiefly in five broad zones, extending from 
one pole to the other. Alternating with these are 
five narrower zones, bearing smaller and fewer tubercles, 
and pierced by small holes arranged in regular rows. 
Through these holes pass the tube-feet, which are all 
provided with suckers at the end. These latter zones 
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SEA-URCHINS 


are, therefore, the ambulacral zones, one of. them 
being seen in the middle of the illustration. The 
other zones are called interambulacral. 

All the zones converge towards the summit of the 
test, where the vent is situated in a circular space 
covered with membrane. This membrane contains 
a few irregular granules, and is surrounded by five 


large interradially placed plates, pierced by the ducts 


of the generative glands. One is 
also pierced by a large number of 
small water-pores, and is called the 
madreporite. Outside these five 
plates, and alternating with them, 
are five other plates, each situated 
at the top of an ambulacral zone, 
and pierced by the unpaired ten- 
tacles, which terminate the water- 
canals, and represent the unpaired 
tentacles near the eye at the ends 
of the arms of a star-fish. 

At the other pole of the body is another membrane, 
surrounding the mouth-opening, through which may 
be seen five pointed teeth. They belong to a very 
elaborate masticating apparatus, shown in the illus- 
tration, and found in all the regular urchins, as also 
in the Clypeastrida among the irregular urchins. This 
consists of twenty principal pieces arranged into a 
five-sided conical mass, compared by Aristotle to a 
lantern (a). In the centre 
of the whole are five teeth 
(ob, c), working in_ body- 
sockets, or pyramids, con- 
nected by muscles with one 
another, with the interior 
of the test, and with the 
arched processes, known as 
auricles (d), that surround 
the mouth-opening. 

Such asea-urchin as that 
described preserves as much 
as any echinoderm the five- 
rayed symmetry of the 
group; but in many forms 
the five-rayed type is not 
so obvious, for the animal 
has become elongated along 
pe wot the axes, sO as to 
have a superficial two-sided 
symmetry. This is naturally 
connected with constant movement in one direction, 
as though the animal had a head and tail; and such 
modification is found among those urchins that live 
on muddy bottoms, and especially in those from con- 
siderable depths. Not only is the test clongated, but 
the mouth moves forward to the front margin, and 
the vent downwards to the hinder margin, so as 
eventually to lie on the under instead of on the uppe 
surface of the test. : 

An earlier stage in this modifica- 
tion is shown in the illustration of 
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JAWS OF STONE-URCHIN 
a, lantern; 4, c, teeth; d, auricles 


HEART-URCHIN, MOVING TOWARDS THE LEFT 


from which the spines have been removed. These 
animals live at very great depths in the sea, and are 
the urchins most modified in this particular direction. 

Urchins of the heart-shaped type have short, delicate 
spines, and move almost entirely by their long tube- 
feet, in the manner described ; but the greater number 
of the regular urchins progress chiefly by the aid of 
their spines, which are much stouter, while the tube- 
feet often have the suckers very im- 
perfectly developed. The spines of 
sea-urchins also serve as organs of 
protection ; but their efficacy varies 
much in different forms. For 
instance, Diadema and Cidaris have 
sharp spines, 8 or 10 inches long, 
which prick one almost before one 
can see them, and can pierce the 
stoutest boot; their danger being 
increased by the gregarious habit 
of the animals. Some sea-urchins 
have poison-glands attached to their spines. It is 
the smaller spines that are protective, and they are 
placed for this purpose near the main openings and 
organs of the body, such as the vent, genital pores, 
and eyes; they also protect the ambulacra, and 
bases of the larger spines. 

A Povosidaris feeling itself free from danger, in well- 
aerated water, walks from one side to the other, dsubt- 
less in search of food; its 
ambulacral tentacles beirg 
stretched out as feelers, and 
its long spines moving as 
described. The smaller 
spines are depressed to 
permit of the free move- 
ment of the larger ones, 
and those of the ambulacra 
raised to permit the exten- 
sion of the tube-feet. If 
one slightly wounds the 
animal when thus expanded, 
the larger spines imme- 
diately stiffen on _ their 
tubercles, while all the 
smaller spines depress them- 
selves, each over the organ 
that it is destined to pro- 
tect. Though the tube- 
feet may not be used for 
locomotion, they are put to another useful purpose. 
If a Strongylocentrotus be placed in a tank with some 
dead shells or similar objects, it will raise them on to 
its back, and hold them there by means of the tube- 
feet, asa kind of concealment. Some sea-urchins cover 
themselves all over in this way with bits of seaweed, 
shell, and small pebbles, and so move about unobserved. 

Other sea-urchins do not move from place to place, 
but always stay in one spot, where 
they are generally found living in 
a hole. Sometimes the hole may 


the shield-urchin (Echinarachnius), 
and a fully developed one in the 
heart-urchin (Brissopsis), with its 
long tube-feet extended in, the act 
of walking towards the left. These 
heart-urchins, as they move along 
through the sand and mud, scoop it up into their 
mouths, and pass it through the intestine, extract- 
ing on its passage such nutriment as the minute 
organisms it contains can afford. To enable them to 
scoop it up in this way, the hinder margin of the 
mouth is produced forwards in a kind of shovel shape, 
as is shown in the illustration of a Pourtalesia test 


TEST OF PHIAL-SHAPED POURTALESIA, 
WITH SPINES REMOVED 


have been there before the sea- 
urchins ; sometimes it may have been 
formed by the growth of calcareous 
alge around the sea-urchin; but 
sometimes the urchin itself has bored 
the hole. This is accomplished not 
by any acid secretion—-for on the west coast of Africa an 
Echinometra has been found boring into a solid lava 
but by the continuous movement of the teeth and 
spines. The common Stvrongylocentrotus is a_well- 
known example of a boring sea-urchin. When the 
waves wash up against the urchin it sets its spines 
rigidly against the sides of its hole, and so holds fast, 
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Although most of the sea-urchins have a rigid test, 
yet there are some in which the plates are only loosely 
joined together, so that the test is flexible. This is the 
case in an Astvopyga ; but is still more pronounced in 
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SHIELD-URCHIN 


cavity protruding between the membrane round the 
mouth and the plates of the test. In the irregular 
urchins some tube-feet are modified for respiration, 
becoming broad. flat, and somewhat lobed ; the hinder 


LEA THER-URCHIN 


The spines are removed from the left half of the egg-urchin, and the shield-urchin is viewed from above 


the leather-urchin (4 sthenosoma), and other members 
of the family Echinothuride. Respiration is effected 
in the regular sea-urchins by ten gills near the mouth. 
These are thin-walled ciliated extensions-of the body- 


end of the intestine sé€ms to be respiratory in function. 
Some sea-urchins possess eyes. These creatures are 
both ‘animal and vegetable feeders, and are even 
cannibals when opportunity offers. 


CLASS HOLOTHUROIDEA—SEA-CUCUMBERS 


SEA-CUCUMBERS (class Holothuroidea) are, as we have 

seen, elongated and worm-like creatures, with a 
mouth at one end and a vent at the other. The skin 
is leathery, and contains a comparatively small amount 
of calcareous matter. Usually this occurs in small 
spicules, which assume very definite shapes, such as 


anchors or wheels; but in some forms the spicules 
increase in size, so as to form 

a plated integument. There 

may also often be a ring of 
calcareous plates round _ the 
gullet, five of which plates 
have the same relation to the 
radial water-vessels as the 
auricles around the jaws of a 
sea-urchin, and they likewise 2 
serve for the attachment of - 
muscles. In such a common ; 
form as Cucumaria there are 

five rows of tube-feet passing > 
from mouth to vent. The five- 


rayed symmetry is not obscured, 
and is traceable in the arrange- 
ment of nerves and muscles, 
although it does not affect any 


portion of the digestive or 
generative systems. 
Around the mouth in Cucu- 


maria is a fringe of branched 


tentacles, connected with the 
water-vascular ring. In most 
other echinoderms, it will be 


remembered, a canal passes from 


this ring and opens to the 
exterior by a madreporite ; and 


in a few holothurians of primi- 
tive structure this is similarly 
the case. But in Cucumaria, as in most, the con- 
nection with the exterior is lost, and the canal, with 
its madreporite, hangs down into the body-cavity. 
In Cucumaria the tentacles are used like a net to 
intercept floating organisms in the surrounding water. 
Many holothurians sw allow a great deal of sand, and 
the intestines of those that live near coral-reefs 
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SEA-CUCUMBER 


generally contain fragments of coral. They usually 
attach themselves by their tube-feet to rocks or sea- 
weed, and wave the tentacles around. Holothuria 
atva, which lives on the Great Australian Barrier Reef, 
inserts its hinder extremity within a crevice of the rock, 
into which, on being disturbed, it speedily retreats. 
Some curious modifications of form have taken place 


among the holothurians. In the 
plated sea-cucumbers (Psolus), 
of which a specimen is illus- 


trated on page 1835, the animal 
has become flattened, and the 
tube-feet restricted to three out 
of the five ambulacra, and by 
these three the animal creeps 
about, or holds itself fixed to the 
rock. A similar modification is 
carried to excess in the deep-sea 
holothurians known as_ Elasi- 
poda. Here, as in the illustrated 
Scotoplana, there are a couple of 
rows of thick tube-feet, forming 
little stumps, with which the 
animal moves, as a centipede 
moves by its legs. In front 
there is a sort of funnel or scoop 
formed by the short tentacles, 
whilea few of the tube-feet form 


long horns or feelers on the 
upper side. In the deep-sea 


Psychropotes, on the other hand, 
mouth, vent, and tube-feet are 
contined to a flat sole ; while the 
posterior part of the body is 
extended in a long tail. 
~- Some holothurians live in 
mud; and by reason of con- 
stantly keeping both mouth and vent above the 
surface their bodies have become curved in U-fashion, 
as seen in the U-shaped Ypsilothuria. This is carried 
still further in the club-like Rhopalodina, a form shaped 
like a cherry, with a thick stalk ; the openings of both 
mouth and vent being at the top of this stalk. A yet 
stranger modification is the holothurian described 
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under the name Pelagothuria, which lives in the East 
Pacific, on the surface of the ocean. It has no cal- 
careous spicules, the longitudinal muscles being mostly 
changed into-a jelly tissue. Around the mouth the 
body is extended into a kind of disc, prolonged into 
thirteen to sixteen feelers. The animal swims by the 
movements of this disc. 

Holothurians have no 
means of offence, but pro- 
tects sshemselves= for - the 
most part by assuming the 
colour of their surroundings. 
The huge Synapta besseli, 
which reaches a length of 
6 feet, has a habit, when 
taken= in -the =hand« 4of 
squeezing the fluid con- 
tents of its body towards 
the portion that is grasped, 
till it becomes too big to 
hold. Some, when much 
irritated, seem to fade away 
and dissolve by breaking 
up their tissues; while 
others have an objection- 
able habit of shooting out 
a part of their intestines in long, viscous strings; and it 
is owing to this that a common British form has gained 
the name cotton-spinner. It has been suggested that 
this habit has been acquired in connection with the 
presence in the intestine of small parasites, and these, 
in their turn, have their habits affected according as 
they live in holothurians that are or are not cotton- 
spinners.’ Among the parasites of holo- 
thurians should specially be mentioned 
a little fish of the genus Fverasfer, that 
inhabits the intestine of some species, 
and -has its food provided for it by the 
holothurian ; this fish is described on 
pase 1773. Pe 

Holothurians are of interest, as fur- 
nishing a food known as trepang, which 
ranks with edible birds’ nests among 
the delicacies of a Chinese table. The 
fishing for trepang, or béche-de-mer, as 
the holothurians are called by. the 
Portuguese, takes place very largely in 
Oriental countries, and is being extended 
to the Barrier Reef of Australia. All 
kinds are not equally esteemed, for 
some have too much calcareous deposit 
in their skin, and others get rid of their 
insides, and so become too lean. 


DEVELOPMENT OF ECHINODERMS 

Few things about echinoderms are 
more remarkable than their modes of 
reproduction, which include both a 
sexual method, from the fertilised egg, 
and also one by budding or splitting 
of a single individual into two. Many , 
echinoderms, as we have already seen, , 
have the curious power of breaking off | 
portions of themselves, as the brittle- 
star and crinoid can break off their arms. 
Also they are able to eject the whole or 
a part of their viscera, a faculty which 
has been specially developed in some of the holo- 
thurians. It is still more remarkable that the portions 
so broken off can be grown again, and that they 
themselves can, in many cases, grow fresh bodies, 
and become complete individuals. A star-fish of the 
genus Linckia commonly avails itself of this faculty ; 
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some plates above 
are removed 


and it is by no means rare to find big. arms with a 
small body at one end, and four little arms growing 
out of it; these are known as comet-forms. 

This power of reproduction is probably due to the 
extension of all the systems of the body into the arms ; 
the arms of brittle-stars, which do not contain all the 
systems of the body, have 
not been known to repro- 
duce individuals. In some 
cases echinoderms have been 
seen definitely to reproduce 
themselves by fission, or 
splitting in half. Such 
division is well known to 
take place among the sea- 
cucumbers; and it is be- 
lieved by some to take 
place even in brittle-stars. 
Just as a_ butterfly does 
not develop directly from 
the egg, but passes through 
the intermediate larval 
stage of the caterpillar, out 
of whose chrysalis the but- 
terfly springs, so the sea- 
urchin or the star-fish egg 
gives rise to a larval form, in whose body, as it were, 
the mature form is developed. The particular shape 
of the larva varies in the _ different classes of 
echinoderms ; but the -differences are ‘not essential, 
and it is clear that all the larval forms are modifica- 
tions from one primitive type. The changes passed 
through in the development of the sea-urchin known as 
Strongylocentrotus dvabachiensis are de- 
picted in the illustration on page 1836, 
in which the drawings are very greatly 
magnified. 

The fertilised egg divides and sub- 
divides until a round ball of cells is 
formed. This is then pushed in at one 
end, as one might push in a soft india- 
rubber ball, so that there is formed a 
little sac. with a double wall to it 
(stages 1, 2)... Stage 3. shows. this in 
outline as though transparent ; and one 
sees the opening (w) turned downwards, 
and the canal (@), which foreshadows 
the intestine. At the upper pole of the 
embryo, near the number 3, is a small 
tuft of cila, by the motion of which the 
embryo swims about. In stage 4 this 
ciliated area is seen to have extended 
downwards. to the letter v. The | in- 
testine now develops in such a way 
that the original opening (a) remains 
as the vent, the middle part (d) widens 
into a stomach, and a fresh mouth- 
opening (mv) is pierced through at its 
upper end. This is seen from the side 
in stage .4) sand, strom, the front: in 
stage 5. 

But before the mouth is formed two 
ear-like processes (w) show themselves, 
which are important as being the be- 
ginnings of the ambulacral and water- 
vascular systems. There also appear 
a few delicate symmetrically laced rods 
of carbonate of lime, which by-and-by grow into 
the skeleton of the larva, in shape something like 
an inverted easel. The two lower ciliated bands 
now grow 


brood-pouch 


towards one another, so that the vent 
comes to lie beneath them (stages 7 and 8). They 
also join themselves to the two upper bands, so 
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STAGES IN THE DEVELOPMENT OF A SE 


, 9 is reduced slight 


Stages r—8 are in proportionate siz ght 
that there is formed a single zone of cilia, which persists 
to the end of the larva’s hfe. 

\lready can be distinguished the beginnings of the 


ipex of the processes which finally lengthen 
in th ha Strange a ppearanc e to the 
larva, 1 ind also in the star-fish and 
brittle-s can be seen, at b, the pore 
that admits water to the water-vascular system; and 
a nis int will lie the madreporite of the future sea- 


urchins. The next illustrations shows all these parts ina 


ther 1 re advanced Stage 1 is the 
vent he hin intestine ; d, the 
Sto! h -ound which a deposit of 
S les indicates the first beginnings 

th d f the sea-urchi », the 
eullet: m, the mouth _ the arms of 
he lai leareol ls that 
upport th ty mort O1 
developed id tly projecting 
portions of th liated band nd 

the water-vessels Che larva in it 
full development is called a pluteus, 
ona sunt of its frequent changes of 
shape, as it swims abou vith it 
arms constantly moving It will be 
noticed that through the whole of its 
development it retains a two-sided 


symmetry, such that, if cut down 


the middle, it 1 be divided into 
{wo precisely Si halves Chi 
1S very different from the five-rayed 
symmetry of the sea-urchin, and 
difficulties arise both in this class and 
n the others when we try to discove1 


five-rayed form was produced 


} 
1 
how the 


from the two-sided one 

» Krom this larva only the stomach BROOD-POUCH 
ind the water-vascular system am 

ontinued in the sea-urchin, whose prickly body 
is now being formed around the stomach of the 
larva: and it is in just those two systems, especially 


in the madreporite and in the intestine, that we note 
in the adult the traces of the primitive bilateral 
symmetry When the little body of the sea-urchin, 
which at first is like a flat box, has become provided 
with a mouth of its own, and with a circlet of com- 
paratively large spines, then the parts not necessary 
to the new disappear. The calcareous 
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A - HIN 
anda to mor ). f e 
skeleton of the larva i 1, and ] ilts 
thus set free help to build tes sea-u T 
The arms sink in, and at last the outer larva 1 
as nothing more than a skin over the test of the 
The mode of life of the little sea il one 

millimetre in diameter, is now cor t It 
is no longer carried about thré vat but 
crawls by means of its. tube-f S spines 
We cannot here I I ges Tt 
undergoes. It is ll hinoderms 

any spt st 

in the shelter ¢ 
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stars, which are protected in 
so-called genital bursa 

In one sea-urchin Hemtaste 
phil there are depressions be- 
tween the imbulacra, which are 
alled brood-pouches, for in these 
the young develop from the egg 
covered over by the spines of the 
parent, as in th nexed illustration. 
In some holothurians the young are 
attached to the body of the parent 
but in others, as in Psolus ephippifer, 
they live on the back of the mother 
under some large mushroom-like 
plates. Some star-fish, too, such as 
Pararchaster, have a kind of tent of 
plates in the middle of the disc. 
where the young grow up as in a 


hursery. 
The direct development from the 
the adult in these protected 


ego to 


\ SEA-URCHIN forms seems to show that the 
elaborate shapes of the various 
larve have been developed secondarily for the 


special purpose of transporting the young and aiding 
in the dispersal of the species, and, therefore, that 


they are not relics of any ancestral forms. There 
can, however, be little doubt that the echinoderms 
were originally derived from some form or forms 
with atwo-sided symmetry; and it is_ certainly 
curious what a close resemblance their assumed 


primitive larval form presents to the larva of Balano- 
glossus, the worm-like chordate described on page 1787. 


SUBKINGDOM ANNELIDA 
SEGMENTED WORMS 


TE invertebrates with which we have so far been con- 

cerned are all unsegmented—namely, the body is all in 
one piece. But the members of the present subkingdom, 
to which such familiar forms as earthworms and leeches 
belong, possess bodies divided into a series of rings or 
segments, and are therefore said to be segmented. 
Hence the name of the group, Annelida, derived from 
the Latin annulus, a ring. The symmetry is bilateral; 
there being a clear distinction between the head and 
tail ends, while there is typically a spacious cavity 
(coclom) between the wall of the body and that of the 
digestive tube, and this communicates with the exterior 


by pairs of small tubes, whicn discharge nitrogenous 
waste products. There is a well-developed central 
nervous system, consisting of a ring encircling the front 
part of the digestive tube and a double longitudinal 
cord running backwards from this near the under or 
ventral side of the body. The upper side of the ring is 
thickened into a pair of ganglia, which may.be regarded 
as arudimentary brain, and the ventral cord swells into 
a pair of ganglia in each segment, with few exceptions. 
The subkingdom is divided into three classes: (1) 
Primitive segmented worms (Archiannelida), (2) Bristle- 
worms (Che .opoda), and (3) Leeches (Discophora). 


CLASS ARCHIANNELIDA—PRIMITIVE SEGMENTED WORMS 


HE class Archiannelida is avery small group of marine 
worms of simple structure, though this must not 
be regarded as a positive proof of their primitive nature, 
for somecomparatively simple animals 
have, no doubt, descended from more 
complex ancestors, as appears to be 
the case with the fixed sea-squirts, 
which possess a notochord. and well- 
developed nervous system when 
young, but lose the former and 
degenerate the latter before assuming 
the adult characters. 

The form belonging to this group 
which has the most claim to be con- 
sidered primitive is a minute creature 
(Dinophilus) that abounds in rock- 
pools at Plymouth and elsewhere, and 
is represented in the figure. The pro- 
jection in front of the ventral mouth 
is termed the prostomium, and this 
bears a pair of eyes. It is followed 
by five or six segments, behind which 
ciliatedrings;@, stomach is a Short tail-piece. Swimming is 

effected by rings of cilia. In certain 
points of structure Dinophilus resembles the whirl- 
worms, and it may possibly give us an idea of the 
characters of the ancestral stock from which annelids 
have taken their origin. 


DINOPHILUS 


a, eye; 4, mouth; c, 


The only other member of the class requiring notice 
is Polygordius, a slender, reddish form, a little over an 
inch long, which lives in sand on the shallower parts of 
the sea-floor in the Medi- 
terranean and elsewhere. 
The head bears a pair of 
small feelers, or tentacles. 
The food of Polygordius 
consists of the small 
organisms and nutritive 
particles contained in sand, 
which it constantly swal- 
lows, and the minute 
organisms and _ nutritive 
particles contained in 
which constitute its food. 
The eggs are fertilised) 
and undergo their de- 
velopment in the surround- 
ing sea-water, and very 
characteristic larve; known as trochospheres, hatch out 
from them. The trochosphere, of which the form will 
be gathered from the figure, swims by means of a double 
circlet offcilia. It is destined to become the head of the 
adult, te body being developed as a narrow outgrowth, 
which Yecomes divided into a series of segments, from 
its hirfder end. The head is at first large, but soon 
becomes reduced in size. 


TROCHOSPHERE 


a, brain; 4, mouth; c, stomach ; 
d, vent ; e, circlet of cilia 


CLASS CHA-TOPODA—BRISTLE-WORMS 


[* the class Chetopoda is included a great multitude 

of marine, fresh-water, and terrestrial worms, which 
are far more complex in structure than 
the members of the preceding class, and 
all agree in possessing bristles, or chete, 
projecting from the sides of the seg- 
ments and primarily serving as an aid 
to crawling, though they may also dis- 
charge other functions. 

The class may conveniently be divided 
into. two orders: (1) Many-bristled 
worms (Polycheta), and (2) Few-bristled 
worms (Oligocheta), although there is 
not asharp boundary line between the 
two groups. 


MANY-BRISTLED WORMS 


The vast majority of the members of 
the order Polycheta are marine, and 
the sexes are distinct. While some 
creep, burrow, or swim freely, others 
inhabit tubes and are much modified in structure in 
accordance with their mode of life. A distinct head 


HEAD OF NEREIS 
a, 6, c, feelers; d, jaws; e, teeth 


is typically present, bearing feelers and eyes, and 
obvious bundles of bristles project from the sides of 
the segments. As a rule there is a 
trochosphere larva in the life-history, 
essentially resembling the one described 
for Polygordius, but presenting modifica- 
tions in detail, especially as to the 
arrangement of the bands of cilia present. 

The average external characters of 
polychetes may be gathered by examina- 
tion of the sea-centipede (Nere7s), often 
to be found creeping over seaweeds and 
other objects near low-tide mark. The 
head, with its feelers, is shown in the 
accompanying figure, and there are also 
four simple eyes, which are not repic- 
sented. The projection at the upper end 
of the illustration is the protruded 
pharynx, provided with powerful curved 
jaws for securing prey. Under ordinary 
circumstances it is not visible from the 
exterior. The long body is divided into a considerable 
number of segments, of which the first two can be seen 
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in the figure» There are 
hollow unjointed projections 
on their sides known as 


foot-stumps (parapods), and 
it is in these that the bristles 
are imbedded. 

A nereis can crawl with 
considerable rapidity, its 
body undulating from side to 
side, and enabling the para- 
pods to serve as feet. Under 
these circumstances there is 
a superficial resemblance to 
a centipede, hence the com- 
mon name. It may be added 
that a parapod consists of a 
dorsal and a ventral moiety, 
each being supported by a strong axial bristle (acicu- 
lum) and bearing numerous smaller ones. 

During the breeding season nereis undergoes some 
remarkable changes, in which it is not 
typical. These involve, among other 
things, enlargement and specialisation 
of the paradods in the hinder, or re- 
productive, section of the body. The 
worm is so much altered in appearance 
at this time that it was formerly 
supposed to be a distinct form, and 
received the name of Heteronereis. The 
male and female differ somewhat in 
appearance, and a male in the Hetero- 
neveis stage is represented in the illus- 
tration. A detached parapod is repre- 
sented above, and this shows very 
clearly the two strong axial bristles, and 
groups of delicate spear-shaped ones. 

Pretty closely related to nereis is an 
interesting form, of which Dr. Benham 
says: “A peculiar worm—Palolo viridis 
—is used as food by the natives of 
Samoa and Fiji. The worm .. . 
lives in fissures among corals on the 
reefs, at a depth of about two fathoms. 
At certain days in October and Novem- 
ber they leave the reefs and swim to 
the shores of the above islands, probably 
to spawn; and this occurs on two 
days in each of the above months—the 
day on which the moon is in her last 
quarter, and the day before. The 
natives, who call the worm “‘ Mbalolo,”’ 
give the name “ Mbalolo laili’’ (little) , 
to October, and ‘‘Mbalolo levu”’ (large) 4; 
to November, thereby indicating the 
relative abundance of the worms in 
these two months. The natives eat them'either alive 
or baked, tied up in leaves.” 

The so-called Palolo viridis is imperfect and head- 
less, and the matter has now been fully elucidated. 
The complete annelid—Eunice vividens—burrows 
into the reef-rock of Samoa, the reef, when prised 
open with a crowbar, proving shortly before the 
swarming season to be absolutely alive with palolo. 
Owing to the great length of the entire worm, its 
fragile structure, and its intricate association with 
the honeycombed reef, the extraction of complete 
specimens is a matter of considerable difficulty, 
demanding very delicate manipulation. 

The complete annelid consists of two distinct parts, 
a broad anterior “atokal”’ portion, sharply marked 
off from a slender and much longer “ epitokal ” portion, 
which at the swarming season becomes detached and 
constitutes the free-swimming palolo. It is com- 


FOOT-STUMP & 


BRISTLES 


OF HETERONEREIS 


ARENICOLA 
HETERONEREIS ; 


PISCATORUM } 
Cc. 
PHYLLODOCE 


parable to the modified hinder part of a sea-centipede 
in the heteronereis stage. The total length averages 
16 inches, of which about the first fourth is formed 
by the thick atokal portion. From 250 to 430 is the 
approximate number of segments in the atokal region, 
the smaller number occurring in a female and the 
larger in a male, In the males the colour is reddish 
brown, and in the females bluish green. These sexual 
colours are most strongly marked in the epitokal 
region, where they are due to the sperm and ova, the 
collapsed integument being quite colourless after the 
discharge of those elements. 

Palolo, as above mentioned, are by no means 
confined to Samoa and Fiji. “‘ A similar swarming 
of marine annelids,” writes Mr. Woodworth, “‘and at 
corresponding seasons is known for other islands of 
the Pacific, though the worms have not everywhere 
been identified. Powell speaks of them in the Gilbert 
Islands, where they are known to the natives as te 
nmatamata, and Codrington gives a detailed account 
for Meta in the Banks Islands, where 
they are known as wun. Brown 
mentions the annual occurrence of a 
palolo on the east coast of New Zea- 
land, and the wawo of Rumphius, which 
occurs at Amboyna, in the Moluccas, 1s 
doubtless the same. Seeman mentions 
the occurrence of the worm in the New 
Hebrides. It is reasonable to suppose 
that a systematic search would show 
the palolo, or some allied form, to have 
a wider distribution in the coral-reefs 
of the Pacific than has been as yet 
recorded. That the annelid is best 
known from Samoa and Fiji is ac- 
counted for by these groups of islands 
having been most visited and longest 
inhabited by whites.” 

Many of the free-living polychetes 
are able to swim more or less, and in 
those which are distinguished by this 
habit the parapods are broadened into 


paddles, as in Phyllodoce. One 
interesting little worm, Tomopteris, 
belongs to the floating population 
of the sea. Ihe parapods are 
elongated, and devoid of bristles; 


each contains a_ star-shaped light- 
producing organ. The head is 
shaped like a hammer, and possesses 
two short. and two long tentacles, 
supported by axial bristles. The 
latter appear to serve as balancing 
organs, and are probably modified 
parapods. 

Among the objects commonly cast up on the shore 
are short, broad worms popularly called sea-mice, of 
which an example is figured. They are abundantly 
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BRISTLE-WORMS 


provided with bristles, but this does not deter some 
fishes from swallowing them. The species (A phrodite 
aculeata) to which the name sea-mouse is most com- 
monly applied, and which burrows in the sand, is 
distinguished by the rainbow colours displayed by its 
long bristles, and by a feltwork of small detached 
bristles that cover its back. Another kind is figured. 

The small-headed Glycera is a burrowing form which 
leads on to the tube-dwellers, of which a common type, 
the lug-worm (Arenicola piscatorum), much used for 
bait, is represented in the same illustration. The head 
and parapods are greatly reduced, and several pairs of 
branching gills are present in the middle section of the 
body. It inhabits U-shaped burrows, the walls of 
which are to some extent consolidated by a secretion 
of the skin to form a temporary tube. Professor J. 
A. Thomson says that this form ‘ burrows 
like the earthworm, not only forcing the anterior part 
of its body onwards, but eating the sand for the 
sake of the organic particles and small organisms 
which it contains. The sandy castings, which pass 
from the end of the food canal, 
and are got rid of at the mouth 
of the tube, fall into spiral coils. 

“Tt has been calculated that 
in a year the average volume of 
sand per acre thus brought up 
in castings is about 1,900 tons, 
representing a layer of 13 inches 
spread out over the surface, 
This work, comparable to that 
of the earthworms, tends to 
cleanse the sand and to reduce 
it to a fine powder. When 
getting rid of the casting, the 
worm lies with its tail upwards 
and its head downwards, or with 
its body bent like a bow; when 
the tide comes in, the mouth may 
protrude at the other end of the 
U-shaped tube.” 

In the extraordinary form 
Chetopterus, here figured, there is a U-shaped tube, as 
in the lug-worm, but it is of a more permanent 
character, and consists of a parchment-like substance 
formed by the hardening of a secretion of the skin. 

In cases where worms of this order live in a narrow, 
firm tube the head bears tufts of filaments serving for 
breathing, and being also clothed with cilia, the action 
of which sets up food-bearing currents, as in some of 
the fixed Protozoa and lEchinoderma, elsewhere 
described. As the food consists of minute organisms 
and the like, a powerful, jawed pharynx, capable of 
protrusion, as, ¢.g., in nereis (page 1837), is unnecessary 
and is not present. One such form, Terebella, 1s 
figured. It possesses stout branching gills and 
numerous long tentacles. The latter collect the sand- 
grains of which the tube is composed. 
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The empty shells of molluscs, 
loose stones, etc., may often be 
found more or less covered 
with wavy calcareous tubes. 
These are the habitations of 
Serpula and its allies. The 
head bears two beautiful 
coloured plumes, which serve 
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stopper, or operculum, which 
closes the mouth of the tube 
when the animal draws itself 
in on the approach of danger. 
As is usual in such cases, the 
plumes serve to some extent 
as eyes, and by their means 
the worm can detect sudden 
variations in the amount of 
light. This is a matter of 
practical importance, for a 
passing shadow often means the 
approach of some rapacious 
fish. In examining aquarium 
specimens protruding from their 
tubes, a lghtning-like with- 
drawal can generally be brought 
about by suddenly intercepting 
the light. It may be added 
that the head-plumes of some 
tube-worms are studded with 
innumerable eyes, which doubt- 
less enhance the power of 
distinguishing variations in the 
illumination. 

Some of the brown seaweeds 
between tide-marks will often 
be seen to have numerous 
little white spiral tubes adher- 
ing to them. These belong to 
the tubeworm, Spivorbis, and 
in this case the stopper closing 
the tube is hollowed out to 
serve as a brood-pouch, in which 
the eggs undergo their early 
development. 

As a postscript to the poly- 
chetes, we may take the 
members of a small family 
(Myzostomatidé) most probably 
related tothem. They aresmall, round, or oval flattened 
creatures, found as external parasites on crinoids and 
star-fishes. The underside of the body bears a small 
number of parapods provided with bristles. 


FEW-BRISTLED WORMS 


The members of the order Oligochzta, distinguished 
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| by the possession of comparatively few bristles, are 
_ nearly all inhabitants of the soil or of fresh water. 
_ There are no parapods, though these were doubtless 


present in ancestral forms—which almost certainly 


were an offshoot from the polychetes—but a varying 


number of bristles are present in the body-wall, 
serving as aids to locomotion. The head is devoid of 
tentacles, and usually of eyes, exhibiting the same kind 
of reduction as in burrowing polychetes, such as the 
lug-worm, and outgrowths of the body serving as 
gills are only present in a few aquatic types. 

The earthworms, of which the commonest British 
species mostly belong to two genera (Lumbricus and 
Allolobophora), are of extreme interest and importance, 
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and have attracted much attention since the publica- 
tion of Charles Darwin’s classic work, ‘‘ The Formation 
of Vegetable Mould Through the Action of Worms,”’ 
and which embodied the results of observations and 
experiments made at intervals during a period of over 
forty years. 

The cylindrical body of an earthworm is clearly 
divided into a large number of segments: the head 
end is pointed, and the tail somewhat broad, and 
flattened from above downwards. The form and 
structure of the animal afford an exce’lent illustration 
of adaptation toa burrowing life. As everyone knows, 
these creatures tunnel in the soil, and their operations 
are usually limited to a depth of 12 or 18 inches. In 
extremely dry or cold weather, however, they descend 
to a much greater distance, and pass into a torpid 
condition until the external conditions become more 
favourable. 

A worm in burrowing forces its narrow head between 
the particles of soil, and may be said to eat its way 
through the ground, as it constantly swallows earth 
for the sake of the containec 
organic matter, after the 
fashion of some marine forms. 
It comes to the surface from 
time to time for the purpose 
of voiding the earth which 
has passed through its body, 
and these worm “ castings”’ 
may often be seen on the 
surface of lawns. The proper 
aeration and drainage of the 
soil largely depend upon the 
burrows of these creatures, 
and as the earth which has 
passed through their bodies 
is in a very fine state of 
division, and they constantly 
bring up material from below 
to the surface, thereby 
effecting a thorough mixing, 
they do the same kind of 
work that farmers effect by 
means of the plough and 
other implements of tillage. 

Worms also feed on bits of 
leaves and other vegetable 
substances, and devour frag- 
ments of animal origin. 
There are no jaws nor teeth, 
and the food is taken in by the action of a muscular 
pharynx, which acts like a suction pump. Thence it 
passes through a narrow gullet into a dilated crop, that 
serves for temporary storage, and from this into a 
muscular, rounded gizzard, the mill-like action of which 
is enhanced by small, hard fragments of stone and the 
like which are swallowed from time to time. It is 
much the same sort of arrangement that is to be found 
in a bird. 

Darwin says: “‘ In many parts of England a weight 
of more than ten tons annually passes through their 
bodies, and is brought to the surface on each acre of 
land; so that the whole superficial bed of vegetable 
mould passes through their bodies in the course of 
every few years.”’ Various objects on the surface of the 
ground are gradually buried by the constant deposition 
of castings, and in this way many objects of antiquity 
have been preserved that otherwise would have perished. 

Worms protect their burrows from being flooded, 
and from the entry of enemies, by blocking the openings 
with bits of leaf, stalk, or similar objects, and display 
much discrimination in laying hold of the narrow ends 
of things employed for this purpose. 
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A worm crawls, burrows, and even climbs by alter- 
nate elongation and contraction of its body, the 
bristles serving as holdfasts during locomotion. These 
may easily be detected by drawing a worm the wrong 
way between the finger and thumb. 

Although worms are entirely devoid of eyes and 
ears, their skins are provided with numerous sense- 
cells: they possess an acute sense of touch, and can 
both smell and taste. They are extremely sensitive 
to vibrations in the ground, and the front parts of their 
bodies react to light, as may be seen by suddenly 
turning the glare of a lantern on worms stretching 
out of their burrows at night, when they retreat with 
extreme rapidity. Under such circumstances the 
broad posterior end of the body gives a purchase on 
the wall of the burrow, without which such sudden 
withdrawal would be impossible. In spite of the 
fact that the sexes are united, worms pair in order that 
the eggs may be fertilised. Spindle-shaped cases, or 
cocoons, are constructed for the reception of the eggs, 
and these are formed by the hardening of a secretion 

; poured out from a band- 
like part (clitellum) of the 
skin. This is not far from 
the front end of the body, 
and is popularly, but er- 
roneously, supposed to be 
due to injury by the spade. 

Should a worm be ac- 
cidentally cut in half, the 
severed portions are often 
able to renew the missing 
parts, the head end growing 
a tail, and the tail end a 
head. Considering the 
numerous enemies 
possessed by these un- 
fortunate creatures, such 
as birds and moles, it is 
clear that this regenerative 
power assists in the preser- 
vation of the species. Most 
persons, for instance, have 
seen a thrush extracting 
worms from a lawn. Some- 
times only half the victim 
is secured, in which case 
the part that escapes has a 
fair chance of repairing its 
injuries. 

Some species of earthworms native to Africa, the 
East Indies, and Australia are veritable giants, 
attaining the length of several feet and the thickness 
of a man’s finger. 

Among fresh-water forms may be mentioned the 
little red river-worm (Tubifex rivuloryum), large numbers 
of which can often be seen in the mud of ponds, the 
projecting bodies of numerous individuals looking 
like a red patch, which quickly disappears when the 
water is disturbed. The beaked nais (Nazis proboscidea), 
represented in the figure, is another common form, 
in which the head is drawn out into a sensitive pro- 
boscis, and a pair of eyes are present. The bristles 
are extremely long, as is commonly the case in fresh- 
water types. This is one of the few-bristled worms able 
to propagate regularly by a process of transverse 
division, or fission. 

A few members of the order have become external 
parasites. Having lost their bristles, and acquired 
a sucker at each end, and also horny jaws, they present 
a superficial resemblance to leeches, for which they 
were long mistaken. The best-known form (Bran- 
chiobdella) lives on the gills of the fresh-water crayfish, 
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CLASS _DISCOPHORA—LEECHES 


HE leeches (class Discophora) are broad, flattened 
z worms, inhabiting the sea, fresh water, or damp 
places on land, and externally resembling the last- 
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MEDICINAL LEECH 


A, top view ; B, side view, swimming ; c, hea‘ cut ‘open to show mouth ; 
D, egg-cocoon 


mentioned members of the few-bristled worms, possess- 
ing, as they do, asucker at each end 
of the body, and being nearly 
always devoid of bristles. They 
are probably an offshoot from the 
last order, although they differ from 
them in internal structure. Their 
peculiarities are largely due to the 
parasitic mode of life which is 
affected by most of them. 

The medicinal leech (Hirudo 
medicinalis) was formerly largely 
used for blood-letting, at one time a very favourite 
operation, so that the name “‘ leech” used 
to be commonly applied toa physician. It 
is a flat, lancet-shaped creature, inhabiting 
fresh water, and handsomely marked with 
black and olive green on the upper surface. 
At the pointed front end of the body is a 
sucker for effecting attachment to the body 
of the victim, which is commonly fish, frog, or 
mammal, and the mouth is situated in the 
middle of this organ. There is a second large 
round sucker at the hinder end. By the 
alternate attachment of the suckers a leech 
is able to crawl in a looping fashion, and it 
can also swim with facility by means of 
undulations of the body. 

A large number of transverse grooves 
appear to suggest a corresponding number of 
segments, but as a matter of fact several of 
these annulations are contained in each 
segment. There are ten black eye-spots on 
the upper side of the head region, and 
numerous peculiar sense organs arranged in 
transverse rows, one across the front of each 
segment. There are no special organs of 
respiration, but breathing is effected by the 
general surface of the skin. In this, the 
union of the sexes in the same individual, 


STRUCTURE OF LEECH 
A, jaw; B, anterior end, showing eyes; Cc, alimentary 
canal 
a, esophagus ; J, saccular crop; ¢, last pair of pouches 


and the deposition of the eggs in cocoons, there is a 
resemblance to the earthworms and their allies. 

A leech pierces the skin of its victim by means of 
three saw-edged jaws, and the flaps of the three- 
rayed incision they make are easily raised by the 
sucking action of the pharynx. The blood is pre- 
vented from coagulating by a fluid secretion pgured 
out on to the wound, and this accounts for the diffi- 
culty experienced in stopping the flow of blood when 
a leech is removed from a human patient. 

A full meal can only be obtained now and then, and 
the digestive tube of the parasite mostly consists of a 
large pouched crop, in which a considerable amount 
of blood can be stored up to be gradually digested 
afterwards. 

The group of jaw-possessing leeches with red blood 
to which the medicinal form belongs also includes the 
land-leeches, which are troublesome pests in some 
tropical countries, and the horse-leech (Hamopis gulo). 
The last is not the greedy bloodsucker traditionally 
supposed, for it mostly preys on earthworms and other 
invertebrates. Another common fresh-water species 
(Nephelis vulgaris) feeds on the juice of water-snails, 
and its egg-capsules are deposited on water-plants in 
proximity to the eggs of these molluscs, so that para- 
sites and prey hatch out side by side. 

A second group of leeches is distinguished by the 
absence of jaws and the colourless nature of the blood. 
The muscular pharynx can be protruded like a pro- 
boscis. A well-known fresh-water form (Clepsine 
complanata), which*preys on water-snails, displays a 
certain amount of parental solicitude, for the hinder 
part of the body is curled up into 
a sort of pouch, in which the eggs 
develop, and even after the young 
leeches are hatched out they attach 
themselves for a time to the under 
surface of the parent. There are 
other jawless leeches which are 
parasitic on fishes, an example of 
these being the rock-leech (Pontob- 
della), which infests sharks and 
rays, and is remarkable for the 
warty nature of its skin. 


ROCK LEECHES 


SUBKINGDOM 


GEPHYREA 


SIPHON-WORMS 


HE subkingdom Gephyrea includes a number of 
more or less cylindrical marine worms, which do 
not present any obvious traces of segmentation, and in 
which the sexes are distinct, the male being in some 
cases small and degenerate. There are commonly a 
certain number of horny spines or hooks, in some 
cases possibly comparable to the bristles of the Cheeto- 
poda, with which the group probably has affinities, 
although it is a rather artificial assemblage of forms, 
and some authorities break it up into three distinct 
subkingdoms. These are here termed classes—(1) 
Echiurids (Echiuroidea). (2) Sipunculids (Sipuncu- 
loidea), and (3) Pria- 
pulids (Priapuloidea). 


ECHIURIDS 


The worms of 
class Echiuroidea  pos- 
sess an anterior pro- 
jection or proboscis, at 
the base of which the 
mouth is situated, while 
the vent is at the 
hinder end of the body. 
There are two hooks on 
the ventral surface. 

The spine-tailed worm 
(Echiurus) is so named 
because the hinder end 
of the body is sur- 
rounded by a single or 
double circlet of perianal 


the 


bristles. Of its habits, 
Dr. Shipley Says : 
“Echiurus 1s almost 
always found in 
U-shaped tubes or pas- 
sages in the sand, 
which it digs out for 


itself by the rapid con- 
tractions of its body- 


wall, aided by its 
bristles. It does not 
long remain in the 
same hole, but fre- 
quently changes its 
home. As a rule, the 
Echiurus sits near the 
mouth of its’ tube, 
which is often a_ foot 


or even two in depth, 
and sends out its pro- 
boscis in every direction ; 
at the least sign of dis- 
turbance it withdraws into the deeper recesses. The 
walls of the tube are kept from falling in by a layer 
of mucus, which makes a smooth lining to the passage. 
The perianal bristles, which can be withdrawn or 
protruded at will, enable the animal to fix itself at any 
level in the tube.” 

Bonellia is a shorter, plumper form, in which the 
degenerate male resembles a whirl-worm. The female, 
represented in the figure, possesses a pair of ventral 
hooks, but no, posterior bristles, and her proboscis is 
forked at the end. The habits of the green Bonellia 
viridis were observed by Eisig in the aquaria of 
the Naples Zoological Station. It hides under stones 
or-in clefts in the rock, and stretches out its proboscis 
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A, Female Bonellia; B, Phascolosoma; C, 


in search of food, part of which was observed to consist 
of sea-squirts. | Under these circumstances, the pro- 
boscis was extended to a length of over one and a half 
yards, though but a few inches long in the unextended 
condition. Its forked tip is used as a seizing organ. 


SIPUNCULIDS 

Among the Sipunculoidea are included the large 
majority of the Gephyrea, and they are distinguished 
by the fact that the front part of the body, or introvert, 
can be drawn in by special muscles. This region of the 
body may be studded with hooks, and when fully 
extended is terminated 
by a crown of tentacles, 
within which the 
mouth is situated. The 
members of the class 
burrow in the sand, 
which they swallow for 
the sake of the nutri- 
tious particles contained 
in it, and the vent is 
shifted far forwards on 
the dorsal surface. 

The common siphon- 
worms (Sipunculus) in- 
clude the largest mem- 
bers of the class, and 
some of them may be 
as much as a foot long. 
There are no _ hooks 
upon the introvert. 
The somewhat similar 
Phascolosoma includes 
smaller forms, in which 
the introvert, which 
may bear hooks, is 
sharply demarcated 
from the rest of the 
body. The species of 
Phymosoma are mostly 
tropical, and live in 
holes in coral - reefs. 
Hooks are generally 
present on the intro- 
vert. Some species of 
Aspidostphon live in 
association with certain 
corals. 


PRIAPULIDS 


The Priapuloidea 
form a small group of 
Gephyrea, in which 
there is a short introvert studded by circlets of hooks. 
Thevent is situated at the extremity of the body, and not 
shifted forwards as in the members of the préceding class. 

One of the most typical species (Priapulus caudatus) 
is represented in the figure, and is distinguished by the 
fact that its tail end is provided with numerous thin- 
walled outgrowths, which presumably have a respiratory 
function. This conclusion is strengthened by the fact 
that when the worm burrows their tips remain at the 
surface, and they may be pulled out to a length which 
may be greater than that of the worm itself. 

The species of the only other genus (Halicryptus) in 
the family are studded with numerous small spines 
and devoid of breathing appendages. 
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SUBKINGDOM POLYZOA 
MOSS-POLY PES 


HE animals known as moss-polypes and lamp-shells 
are practically unknown to any except professional 
zoologists and geologists, or the members of natural 
history clubs. They are often associated together in 
one subkingdom as Molluscoida, which once was held 
to include the sea-squirts 
as well, and the meaning 
of the word—‘' mollusc- 
like’’—-serves to remind us 
that they were once in- 
cluded with the true mol- 
luscs, or shellfish. Although 
the affinities of the two 
groups are still obscure, it 
is best, for the present, to 


regard them as distinct 
subkingdoms. 
Moss-polypes (subking- 


dom Polyzoa) are small 
. generally colonial animals, 
the skeletons of which 
assume a great variety of 
forms. These are among 
the common objects of the 
shore, and are often mistaken for seaweeds or for 
zoophytes belonging to the subkingdom Ccelentera. 
Some moss-polypes inhabit fresh water, and the 
accompanying figure will give an idea of the structure 
of an individual belonging to one such form (Palu- 
dicella). The colony is of 
branching form, and is sup- 
ported by a horny skeleton 
divided into a number of com- 
partments or cells, each of 
which accommodates a mem- 
ber of the colony, and is drawn 
out into asort of cup, From 
this, in the figure, the polype 
is seen projecting, its free end 
being surmounted by a lopho- 
phore or crown of tentacles (a), 
which are clothed with cilia. These, by their constant 
movement, set up currents in the surrounding water, 
promoting respiration and bringing minute organisms 
and nutritious -particles 
that serve as food. 

The arrangement is very 
much like what is present 
in —some ..of the  tube- 
worms, such as Serpula. 
The mouth (6), placed 
within the circlet of ten- 
tacles, leads into a gullet 
that opens into a pouch- 
like stomach (g), and from 
this the intestine runs back 
to open by the vent (c), 
placed outside the tentacles. 
On the approach of danger 
the polype can be drawn 
back into its cell by means 
of muscular bands (m, m). 
The sexes are united, and 
the male and female glands 
are shown attando. The 
former is close to a cord 
that connects the stomach 
with the wall of the cell. 


SEA-MAT 
a, stock ; 4, five cells (magnified) 


SECTION OF INDIVIDUAL 
OF PALUDICELLA 
See text for description of lettering 


CRISTATELLA 
a, statoblasts, with three young animals 


_ Two classes are recognised 
Ectoprocta, and (2) Entoprocta. 


ECTLO@OPROCTA 


In the class Ectoprocta, which includes the vast 
majority of species, the vent is outside the crown of 
tentacles, as in the example described. There are two 
orders, (1) Gymnolamata, 
and (2) Phylactolemata, 
to which, however, it will 
only be possible to make 
brief reference. 

In the order Gymno- 
lemata, which includes 
most Polyzoa, the lopho- 
pore is in the form of a 
circlet of tentacles, and 
there is no lip projecting 
over the mouth. Although 
the great bulk of the in- 
cluded species are marine, 
a few, such as Paludicella, 
inhabit fresh water. 


in the Polyzoa: (1) 


TUBULIPORA 
The sea-mat (Flustra) of @ Part of stock ; 4, a few cells more 
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: , : highly magnified 
which a figure is given, or oe 


forms a flat, branching colony, and when the polypes 
are withdrawn into their cells these are closed by small 
lids. These are absent in the round-mouthed types, 
as may be seen in the illustra- 
tion of Tubulipora. 

The order Phylactolemata 
includes a number of fresh- 
water forms, distinguished by 
a horseshoe - shaped lopho- 
phore, and the presence of a 
lip (epistome) overhanging the 
mouth. The form selected 
for illustration (Cristatella) is 
somewhat exceptional, for, 
instead of being fixed, it is 
able to creep, about from place to place. In common 
with other fresh-water Polyzoa (including Paludicella) 
internal buds (statoblasts) are produced, which remain 
dormant during the winter, giving rise to fresh 
colonies the following spring, when the original ones 
have succumbed to the cold. 


ENTOPROCTA 
The Entoprocta represent a small group of marine 
Polyzoa, which are 


regarded as the most 
primitive members of the 
subkingdom., The species 
figured belongs to a genus 
(Loxosoma) which is unique 
among the Polyzoa in 
that its members are not 
colonial, for though it pro- 
duces buds, these do not 
remain attached to the 
individual producing them. 
These forms are not at- 
tached to stones or sea- 
weeds, but to other kinds 
of animals, these being 
sponges in the species 
illustrated. 


WITH LATERAL 


BUDS 
a, stock; 4, swarm-larva 


LOXOSOMA, 
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SUBKINGDOM 


BRACHIOPODA 


LAMP-SHELLS 


HE lamp-shells are animals enclosed in a horny or 
calcareous shell composed of two pieces, on which 
en they were for a long time included with the 
bivalve molluscs, such as cockles, mussels, and the like. 
Not only, however, do these shells differ entirely in 
structure from those of the molluscs mentioned, but 
they are differently situated, being dorsal and ventral, 
instead of right and left. The dorsal valve is usually 
smaller than the ventral, while both are bilaterally 
symmetrical, which is not the case in such 
animals as cockles, where, too, the valves are 
of equal size. As a rule the ventral valve 
is drawn out at the back into a sort of 
perforated beak, through a hole in which 
be are a fleshy stalk, by which the 
lamp-shell is usually attached to some firm 
object. 

On opening the shell we find that two 
tentacle-bearing prolongations of the body 
project from the sides of the mouth. These 
have received the mis- 
leading name of ‘‘ arms,” 
hence the name of the 
subkingdom (Gk. brachus, 
an arm; pous, podos, a 
foot). They are clothed 
with cilia, by which food 
and oxygen bearing cur- 
rents are set up, and in 
this respect are com- 
parable to the lophophore 
of a moss-polype, though 
this must not be taken as 
an indication of affinity. 

These arms vary in com- 
plexity, and are in many 


UPPER VALVE 
ANIMAL OF CRANIA 


HINGELESS LAMP-SHELLS 


In the Inarticulata the two valves are not provided 
with a hinge. They include the horny tongue-shells, 
and the figure given of a North American species 
(Lingula pyramidata) shows the long stalk with its 
end surrounded by a sheath of sand-grains, and also 
the bristles guarding the edges of ‘the shell. The 
absence of a hinge enables the valves, which are almost 
the same size, to be shifted to some extent 
laterally, and there are special muscles by 
which such movements are effected. The 
habits of a species (L. anatina) common in the 
Philippines, New Hebrides, and neighbouring 
islands have been carefully studied, and are 
illustrated in=4he second figure. 

It will be seen that the creature lives in a 
narrow vertical burrow in the sand, and 
when the stalk is fully extended (D) the front 
edge of the shell is just at 
the surface (Band C). The 
direction of the currents 
setting into and out of the 
shell are indicated by 
arrows. Should danger 
threaten, the stalk rapidly 
contracts, pulling the shell 
to the bottom of the bur- 
row (C), the upper part of 
which collapses. 

Another widely- 
tributed hingeless 
(Crania) is of 
form, and the ventral 
valve is firmly attached 
by its substance to some 
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cases supported by pro- submarine object, there 
jections from the dorsal being in this case no stalk. 
shell, these often being The upper valve is coni- 
loop-like in form. When TONGUE-SHELL IN Cal in shape, and it is 
a lamp-shell is feeding, - ; a pea BURROW drawn from below in the 
the two valves are slightly nme Greuna amarante A, opening of burrow; figure, the body of the 
separated and the arms ~*) ape one es eapey ein coche git os mag side Views; animal with its two spiral 


may protrude between 
them. Each valve is lined by a 
soft membrane, the edges of which 
are uSually fringed with bristles 
comparable to those of the chae- 
topod worms, and which probably 
help to prevent the entry of para- 
sites or foreign particles. The 
shell is opened as wel] as closed by 
the action of special musc'es. 
Lamp-shells were once a very, 
dominant marine group, and their 
shells are amongst the earliest 
fossils known, but they have been 
for many ages a declining race, 
and at the present time are far 
from common, though they occur 
in large numbers in some localities. 


Their affinities are very uncertain, LINGULA 
but they are not improbably dis- PYRAMIDATA 
tant relatives of the chetopod 

worms. They may, broadly, be 

divided into two Ne (1) Hingeless Lamp-shells 


(Inarticulata), and (2) Hinged Lamp-shells (Articulata), 
of which the tice. ie more primitive. 


arms being also shown. 


HINGED LAMP-SHELLS 

The presence of a distinct hinge 
in members of the class Articulata 
prevents the lateral shifting move- 
ments possible in Lingula. The 
annexed figure shows the action of 
the hinge in a small stalkless recent 
type (Thecidium mediterraneum), 
which is represented with the lid- 
like upper valve wide open. Two 
opposite sets of muscles (a and 6) 
open and close the shell respec- 
tively. 

The remaining illustration is of 
a beautiful form (Terebratula vitrea) 
with translucent shell. Two indi- 
viduals are shown, attached by 
their stalks to a piece of stone. 

In another lhving type (Rhyn- 
chonella) the shellis beautifully ribbed, and its marg.n 
presents a well-marked fold. 

J. R. Atyswortu-Davis 


TEREBRATULA 
VITREA 
Photograph of Terebratula by Prof. B. H. 


Bentley 
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SUBKINGDOM ROTIFERA 
WHEEL ANIMALCULES 


E wheel animalcules are an attractive group of 

minute translucent aquatic creatures, present almost 
everywhere. Many of them creep or swim freely, 
while others are fixed and inhabit some kind of case, 
sometimes built up from foreign particules. 

The main features in the structure of a free form are 
indicated in the annexed diagram. At the front end 
of the body is a thin disc (4) fringed 
with cilia, which set up currents 
bringing food and oxygen, and also 
enable the animalcule to swim. This 
is the so-called ‘‘ wheel organ,” a 
name originally given because the 
successive movement of the marginal 
cilia gives rise to an optical illusion, 
the disc appearing to rotate like a 
wheel. This organ is-of the most 
varied shapes in different genera, as - 
may be gathered from the figures. 

The food particles, after entering 
the mouth (£), are conducted into a 
muscular gizzard (F), provided with 
complex horny thickenings that serve 
to break them up. Thence the crushed 
food passes on to stomach and in- 
testine (G), where the process of diges- 
tion is completed. Two forked glands 
(see figure) pour a digestive juice into 
the stomach. 

At the hinder end of the body is the 
so-called ‘‘ foot,” terminating in a pair of pincers. By 
means of this organ creeping movements can be 
effected, and it also enables the animal to fix itself 
temporarily to some firm object. There is a simple 
nerve-thickening (D) serving asa brain, 
anda pair of delicate feelers are placed 
not far from this (B). 

Two interesting fixed forms inhabit- 
ing fresh water are also represented. 
One is the flower animalcule (Flos- 
culavia), where the ciliated disc is 
provided with long tufts of bristles 
that serve to entangle food. The 
narrow end of the animalcule is shel- 
tered within a gelatinous tube, not 
shown in the figure. 

The other type represented (Melicerta 
vingens) is even more interesting, for it 
possesses an apparatus by means of 
which mud can be moulded into little 
pellets and built up into a protective 
tube. 

Wheel animalcules are notable for 
being able to endure a large amount 
of drying without losing their vitality, 
and, being blown about with dust in 
this condition, are distributed almost 
everywhere. They may be kept for 
years in a dried condition, reviving 
when placed in water. Baker, writing 
about the middle of the eighteenth 
century, gives the following quaint account of a 
form (Philodina yoseola) which abounds in roof- 
gutters and similar places: ‘‘I call it a ‘water 
animal’ because its appearance as a living creature 
is only in that element. I give it also, for dis- 
tinction sake, the name of ‘Wheeler,’ ‘ Wheel 
Insect,’ or ‘ Animal,’ from its being furnished with a 
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A, ciliated disc ; 
B, feeler; C, foot ; 


WHEEL ANIMAL- 


D, brain; £, cavity ot 
mouth ; 4, gizzard ; G, 
rest of digestive tube 


FLOWER ANIMALCULE 


pair of instruments which in figure and motion appeat 
much to resemble wheels. It can, however, continue 
many months out of water, and dry as dust, in which 
condition its shape is globular, its bigness exceeds not 
a grain of sand, and no signs of life appear. Not- 
withstanding, being put into water, in the space of 
half an hour a languid motion begins, the globule 
turns itself about, lengthens by slow 
degrees, becomes in the form of a 
lively maggot, and most commonly 
in a few minutes afterwards puts out 
its wheels, and swims vigorously 
through the water in search of food ; 
or else, fixing by its tail, works them 
in such a manner as to bring its food 
to it. But sometimes it will remain 
a long while in the maggot form, and 
not show its wheels at all 

“Tf the water standing in gutters 
of lead, or the slimy sediment it 
leaves behind, has anything of a red 
colour, one may be almost certain 
of finding them therein, and if in 
summer, when all the water is dried 
away, and nothing but dust remains, 
that dust appears red, or of a dark 
brown, one shall seldom fail, on 
putting it into water, to discover 
multitudes of minute reddish globules, 
which are, indeed, the animals, and 
will soon change their appearance, in the manner just 
now mentioned. “ae 

‘““A couple of circular bodies, armed with small teeth 
like those of the balance-wheel of a watch, appear 
projecting forwards beyond the head, 
and extending sideways somewhat 
wider than the diameter thereof. 

‘They have very much the similitude 
of wheels, and seem to turn round 
with a considerable degree of velocity, 
by which means a pretty rapid current 
of water is brought from a great dis- 
tance to the very mouth of the crea- 
ture, who is thereby supplied with 
many little animalcules and various 
particles of matter that the waters 
are furnished with. 

‘““As these wheels (for so, from 
their appearance, I shall beg leave to 
call them) are everywhere excessively 
transparent, except about their circular 
rim, or edge, on which the cogs, or 
teeth, appear, it is very difficult to 
determine by what contrivance they 
are turned about, or what their real 
figure is, though they seem exactly to 
resemble wheels moving round upon 
an axis. ae 

‘“‘ As the animal is capable of thrust- 
ing these parts out, or drawing them 
in, somewhatin the way that snails do 
their horns, the figure of them is different in their 
several degrees of extension and contraction.” 

The affinities of the wheel animalcules are very 
uncertain, though many naturalists have thought them 
to be related to the bristle-worms. Prof. Hartog has 
pointed out that they in some ways resemble a particular 
kind of larva found in certain nemertine worms. 


MELICERTA 
A, ciliated disc ; 
B, feeler ; C, cement 
gland ; V, ciliated 
cup and pellet ; 4, 
flap overhanging 
same ; /, dwelling 

of pellets 
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SUBKINGDOM NEMERTEA 
NEMERTINE WORMS 


HE subkingdom Nemertea includes a number of soft, 
elongated forms, with rounded, somewhat flattened 
bodies covered by a ciliated skin and not divided into 
segments. Most of them are marine, but a few live in 
fresh water or on land. 

Nemertine worms are highly carnivorous, feeding 
more especially on various kinds of bristle-worms. 
Their prey is secured by means of a tubular proboscis, 
which when not in use is contained in a sort of sheath, 
situated above the digestive tube, and opening by a 
pore at the front of the body, usually above the mouth. 
It can be shot out with great rapidity, and again with- 
drawn into its sheath by means of.a muscular band 
attached to the body-wall. 


PELAGONEMERTES 


Proboscis partly protruded 


Tetrastemma is one of the so-called “armed” 
nemertines, because the tip of the protruded proboscis is 
provided with a sharp spine, near the base of which 
poison-glands open. It isshown in the annexed figure. 
The front part of the central nervous system consists, 
as in annelids, of a ring, but this, instead of encircling 
the digestive tube, surrounds the proboscis sheath. From 
the ring a couple of nerve-cords run back, one on either 
side, and these, withthe ring, are indicated in the larger 
figure of Tetrastemma, which also represents the four 
eyes present in this species. 

Many of the nemertines are 
boscis being devoid of a spine. 


END OF PROBOSCIS OF 
TETRASTEMMA 
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unarmed,’’ the pro- 
One common kind 
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(Polia crucigera) selected for illustration has a green 
body marked with white streaks. This species is about 
16 inches long, and the proboscis can be protruded for 
as much as 6 inches. 

The nemertines are not, as a rule, distinguished for 
powers of swimming, an exception being afforded by 
a flattened form (Pelagonemertes) native to the Indian 
Ocean. The accompanying figure represents an indi- 
vidual with proboscis partly protruded and the nervous 
system clearly indicated. 

"A nemertine is‘hatched out of the egg as larva, one 
kind of which is shaped like a helmet, and known as a 
Pilidium. j 

The affinities of the subkingdom are very doubtful. 
a 

P 


POLIA CRUCIGERA 


Cross-bearing nemertine on a coral 


They were considered for a long time as forming a group 
of the turbellarian worms, and were afterwards pro- 
moted to the rank of a distinct but allied group of flat- 
worms. It is by no means unlikely that they are 
distantly related to the ancestral stock from which 
backboned animals have taken origin, and Hubrecht, 
who has elaborated this view, gives plausible reasons for 
supposing that the proboscis sheath is:comparable to a 
notochord, and a median dorsal nerve—often present in 
addition to the lateral nerve-cordi—the equivalent of a 
spinalcord. However that may be, there is no doubt that 
the distinctive characters of the gvoup entitle it to rank 
as a special primary branch of the animal kingdom. 


SOBKINGDOM M@OEEUSCA—SHELLFISH 


(CCUTILE-FISHES and the pearly nautilus; snails and 

slugs; cockles, mussels, and oysters; together with 
certain other less familiar forms, make up the great 
subkingdom of Mollusca, the species of which abound 
in the sea and fresh water and on the land. 

The name Mollusca (Lat. mollis, soft) is rather 
unfortunate, and, as a matter of fact, was first applied 
to the cuttle-fishes only, afterwards being extended to 
embrace all the other forms now included in the sub- 
kingdom. 

Some of the main characters of molluscs can be 
ascertained by examination of a garden snail in the 
act of crawling. It will be seen that the body is not 
divided into rings or segments—that is to say, is 
unsegmented—that there is a firm protective calcareous 


shell, and that there is nothing by way of limbs, the 
animal creeping by means of a muscular thickening 
of the under side of the body, technically known as 
the “foot.’’ The least constant of these characters 
is the shell, but when absent this is often due to a 
process of reduction—namely, forms which are now 
devoid of this protective covering are descended from 
forms in which it was present. The common black 
slug, for instance, has no doubt originated from shell- 
bearing snail-like ancestors, and some of the existing 
land-slugs still possess a small shell. 

Shellfish are divided into five classes: (1) Primitive 
Shellfish (Protomollusca), (2) Bivalves (Lamellibranchia), 
(3) Tusk-shells (Scaphopoda), (4) Snails and Slugs (Gas- 
tropoda), (5) Cuttle-fishes and their allies (Cephalopoda). 
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CLASS PROTOMOLLUSCA—PRIMITIVE SHELLFISH 


Nn turning over stones between tide-marks on the 
British coast, we shall often find below them small 
oval flattened creatures, with a broad muscular foot 
on the ventral side, and a series of eight overlapping 
shelly plates on the dorsal side. These are mail-shells 
(Chiton), which are of particular interest, because they 
are in many respects extremely primitive, and give 


us some idea of the remote 
ancestors from which all 
shellfish have descended. 


5) 


The word ‘‘ remote ’’ is used 
advisedly, for some of the 
fossils found in the Cambrian 
rocks, which are the oldest 
yielding undoubted remains 
of animals, belong to at least 
three classes of shellfish, and 
prove that the subkingdom 
must first have taken origin 
at a time  inconceivably 
remote. ; 

The possession of several 
Overlapping shelly pieces on 
the upper side-of the body 
cannot, however, be regarded 
as a primitive character, and 
is peculiar to the chitons. 
It is undoubtedly a protec- 
tive device, and when the 
animal rolls up, as these 
overlapping pieces of armour enable it to do, some 
at least of its foes are kept at bay. One such enemy 
is the common shore-crab, and it has been observed 
in an aquarium to seize an. unrolled chiton in one of 
its pincers and pick away the soft body of its victim 
with the other. 

The chiton possesses an ill-marked head, and is 
able to protrude from its mouth a complex rasp- 


Upper side 


MAIL-SHELL, CHITON 
A, head ; B, foot; C, gills 


ing organ, by means of which it scrapes off bits 
of vegetable matter to serve as food. This organ, 


which will be described elsewhere, is possessed by 
all shellfish except those belonging to the class of 
bivalves. 

The chiton is also interesting in respect of its breathing 
organs. 


When an aquatic animal is covered entirely 
or largely by soft skin, special 
structures of the kind are 
unnecessary. But here the 
development of shell-plates on 
the one side and a fleshy foot 
on the other render some 
special provision necessary, 
and we find a series of deli- 
cate outgrowths, or gills, on 
each side of the body, lodged 
in grooves to right and left of 
the foot. Eveninsome allied 
forms these organs are re- 
duced in number, and 
concentrated towards the 
posterior end. of the body, 
while in other shellfish they 
are reduced to two or one, 
and never exceed four in 
number. 

Some of the foreign rela- 
tives of the British chitons 
are distinguished by the 
possession of numerous eyes on the dorsal side of the 
body, and these probably give warning of shadows 
that may mean danger, and give ‘the signal for 
curling up. 

Allied to the chitons are a number of little-known 
forms (Neomenia, Chetoderma, etc.), some of which are 
worm-like in form, and are only known to the pro- 
fessional zoologist. 


Lower side 


CLASS LAMELLIBRANCHIA—BIVALVES 


Mary familiar shellfish, such as cockles, mussels, and 

oysters, are covered by a shell consisting of two 
pieces, or valves, and hence receive the name of 
“bivalves,” thus contrasting with such 
molluscs as snails, in which the shell is 
in one piece only, and therefore known 
as “ univalve.”’ 

Examination of the swan-mussel (A no- 
donta cygnea), a common fresh-water 
bivalve, will illustrate some of the leading 
characters of the class. This species is 
of oval form, from 4 to 6 inches long, and 
about half as much in breadth. The 
valves are right and left, and are not 
bilaterally symmetrical like the valves of 
a lamp-shell. 

They are united together dorsally, 
being there connected by an_ elastic 
band known as the ligament. This is on 
the stretch when the shell is closed, and 
thus is able to pull them apart when 


the muscular bands that effect closure SOFT PARTS OFSWAN-MUSSEL with thickened pigmented edges. 


cease to contract. a, foot ; 

Examination of the outer surface of a 
valve will reveal the presence of numerous 
curving lines of growth that follow the outline 
of the shell and represent successive additions 


to its substance. They are concentric to a point 


A, tentacles 


on the dorsal edge, which is known as the beak 
or umbo, and is the oldest part of the shell. It 
receives its name from the fact that in many 
bivalves it forms a well-marked  pro- 
jection. 

The shell is made up of three layers : 
(1) an external greenish horny coat, (2) a 
firm white layer composed of prisms of 
calcareous substance, and therefore called 
the prismatic layer, and (3) a calcareous 
lining made up of alternating films of 
different kind, the edges of which form a 
series of microscopic ridges that break up 
light like a prism, producing rainbow 
colours. This layer is the source of 
“mother o’ pearl’ obtained from various 
molluscs, and actual pearls are composed 
of similar material. 

The figure represents a mussel taken out 
of its shell, and looked at from below. 
To right and left are seen two soft flaps (g) 


These 
3, mouth; ¢, labial palps; line the valves of the shell, and are 
d, é, gills; f, vent; g, lobes of mantle; known as the lobes of the mantle. They 


secrete the shell, but only their thickened 
edges are concerned with making its two outer 
layers. Between them the projecting body is 
drawn out into a muscular orange-coloured organ (a), 
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HARMSWORTH NATURAL HISTORY 


flattened from side to side. This is the foot, cor- 
responding to the similar but differently shaped 
thickening seen in a creeping snail. In front of the 


foot a mouth (b) can be seen, but there is no distinct 


head, on which account the name Acephala (Gk. a, 
without; cephalon, a head) is sometimes given to 
the class. 

There are no jaws, nor is there a rasping organ 


One ither 
the labial 


within the mouth as in a chiton or snail. 
side of the mouth are two sensitive flaps, 
palps (c), with a groove between them. 
may be seen the gills, consisting 
of an inner and an outer plate 
(d and e) oneachside. The form 
of the gills in this and many 
other members of the class has 
suggested the name Lamelli- 
branchia (Lat. lamella, a plate; 
Gk. branchia, gills). Close to 
their hinder end is the vent (f). 
In this particular bivalve the 
mantle-lobes are not united at 
their edges, but when these are 
brought together two apertures 


Further back 


are left at the back, the 
lower of which is fringed with 
sensitive tentacles (h). It may be added that 


the shell is closed, by the contraction of two strong 
bands of muscle, which run across from one valve to 
the other. These are the anterior and posterior 
adductors. 

By studying the habits of the swan-mussel we are 
able to understand the meaning of some of the charac- 
ters just described. The creature burrows in the mud, 
to which the compressed, sharp-edged form is an 
obvious adaptation, for it offers a minimum resistance 
to progression, friction being also reduced by the-smooth 
surface of the shell. Locomotion is effected by the 
foot, which, like the body, is flattened from side to 
side, resembling in shape the 
head of an axe; hence the name 
Pelecypoda often applied to the 
class (Gk. pelehus, an axe; pous, 
ae a foot). It is expanded 
and protruded by being pumped 
full of blood, after which it is 
shortened by contraction of its 
muscular wall, the body being 
thus pulled forward. The rate 
of movement is slow, about 
fifteen feet a day, and the animal 
appears to move little except at 


night. 

When a mussel is actively 
feeding, its hinder end projects 
from the mud, the shell opens 


slightly, and two openings between 
the mantle-lobes can be seen, an 
upper and a lower, the edges of 
the latter being fringed with 
delicate tentacles. A continuous 
stream of water flows in through 
this latter “‘inhalent’’ aperture, carrying with it minute 
organisms and organic particles to serve as food and the 
dissolved oxygen required for breathing. The various 
waste pr oducts of the body are carried away by a counter- 
current flowing out through the upper, or ‘“ exhalent,”’ 
aperture. 

As in several kinds of animal previously described, 
such as tube-worms and lamp-shells, these currents 
are the result of ciliary action. The labial palps, 
inner surface of the mantle-lobes, and the gills are, 
in fact, clothed with enormous numbers of cilia, 
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GLOCHIDIUM 
A, byssus ; B, hook; C, mouth 


SWAN-MUSSEL 


which work together in an orderly fashion to produce 
a regular flow of water. The food-particles are con- 
ducted on each side along a groove between the labial 
palps into the mouth. 

It is clear that _the 
do not necessitate a 
of which is probably 


food and way of feeding 
rasping organ, the absence 
due to a process of reduction, 


for it was most likely present in ancestral forms. 
These, no doubt, possessed a distinct head, but 
this has gradually dwindled as a result of the 
mode of life, for creatures burrowing in mud, 
having the body enclosed in 
a shéll, and feeding by ciliary 
action, do not require a_ well- 
developed head provided with 
various. sense organs and 
containing a specialised brain. 


same kind 
in an earth- 


It is, in fact, the 
of reduction found 
worm as compared with a 
free-living bristle- worm (see 
~pige 1839), and is explained on 
Similar lines. 
The life-history of the swan- 
mussel is by no means typical, 
but presents somewhat peculiar 
adaptations to fresh-water life, which may be briefly 
described here. 

It should first be 
a marine bivalve—e.g., 


mentioned, however, that in 
the cockle—a larva hatches 
from the egg which is not unlike the _ trocho- 
sphere characteristic of marine bristle-worms (see 
paze 1837), being provided with a circlet of cilia serving 
as a swimming organ. The head end soon develops 
a velum, or ciliated flap, which performs the same 
function, and the larva is now called a veliger. This 
is typical not only of marine bivalves, but also of 


marine snails and _= slugs. Were such a minute 
fragile larva produced by a mollusc inhabiting 
_ fresh water, it would be lable 

F yj to get washed. away by the 

current, ultimately perisbing in 


the sea, if it reached so far. 
The life-history of the swan- 
mussel is modified so as to prevent 
this calamity. 

The 
out into 
to take 
tubular 
gill-plates, 
pouches. 

In this sheltered position they 


instead of passing 
the surrounding water 
their chance, enter the 
cavities of the outer 
which serve as brood-.- 


esos 
esss, 


develop into a curious larval 
form, known as a_ glochidium, 
this name having been given 
before the life-history of the 
mussel was known. As will 
be seen from the figure, the 
glochidium is covered by a tri- 


angular shell quite unlike that 
of the adult, and provided with 
a strong, curved hook at the tip of each valve. The 
foot and gills are at first undeveloped, and a long, 
sticky thread, the byssus, projects from the shell. 
After the larve have been hatched they are ejected 
into the water, and settle down in clumps on the mud, 
their threads waving above them. 

Should astickleback, minnow, or other small fish come 
in contact with one of these threads it will adhere to 
the part touched, and the glochidium to which it 
belongs will be carried away, rapidly opening and 
shutting its shell meanwhile. In this way it swims up 
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t) its bearer, and by means of the sharp hooks on the 
shell grips the fish’s skin. The irritation set up 
causes the growth of a sort of gall, within which the 
further development of the glochidium takes place. 
After about three months it has assumed the form of 
a young mussel, and is liberated by the rupture of the 
gall, falling down into the mud, where 
it ultimately grows into an adult. 

The bivalve shellfish are divided ¥ 
into five orders, differing in the 
structure of the gills and other char- 
acters, namely: (1) Protobranchia, 
(2) Filbranchia, (3) Pseudolamelli- 
branchia, (4) Eulamellibranchia, and 
(5) Septibranchia. 


PROTOBRANCHIA 


The most primitive bivalves are 
included in the order Protobranchia, 
the widely distributed Nucula being 
one of the best-known types. Each 
of the simple gills is made up of a double 
series of straight leaflets, or gill fila- 
ments, and the foot has a flattened 
under surface like that of a snail, and 
can be used for creeping. 


FILIBRANCHIA 


The bivalves of the order Filibranchia 


possess gills of more complex structure EDIBLE SEA-MUSSEL CLOSED AND 
ATTACHED BY 


than those of the Protobranchia. Each 
of them is made up of a double series of filaments, 
which are turned up at the ends and united together 
by long interlocking cilia. The gills, in fact, are 
becoming effective organs for setting up currents by 
ciliary action. 

Among the most primitive members of the order 
are the ark-shells (Avcid@), which are very widely 
distributed, as is commonly the case with ancient 
forms, and are distinguished by the possession of a 
rectangular shell. Another ancient family (Tvigoniide), 
in which the shell is roughly triangular, are now repre- 
sented only by some small species in Australian seas, 
but were at one time very dominant and widely 
distributed. Their remains help to build up some 
of the Jurassic limestones, as at Weymouth, where they 
make upa layer of calcareous rock 
several feet thick. That these 
forms should still survive in the 
Australian region is a, fact of 
considerable interest, for, as else- 
where shown, the land animals of 
that part of the world are also to 
a great extent archaic, and the 
same thing is true for the land 
plants. 

Probably the most familiar 
form included in the order is the 
edible sea-mussel (Mytilus edulis), 
distinguished by its  Dluish 
wedge-shaped shell. The figure 
shows (above) the narrow foot, 
and (below) the inhalent and 
exhalent apertures, the former 
being large and fringed, the 
latter small and rounded. 
Notice-also the bundle of strong, silky fibres (byssus), 
by which the mollusc is attached to some firm object. 
The attachment is not, however, permanent, for if 
conditions become unfavourable the mussel can cast off 
the byssus and creep to some more desirable place, there 
to re-attach itself. The sea-mussel is of considerable 


THE BYSSUS 


DATE-SHELLS IN ROCK 


economicimportance, for itis largely used as bait, and also 
for human food, though it sometimes proves poisonous, 
bringing out a rash on the skin, or even causing fatal 
illness. The mussel fisheries of this and some continental 
countries vield a considerable revenue. Special 
methods of culture are sometimes employed, as at 
FEsnaudes, on the west coast of France, 
where the annual yield is worth. as 
much as £52,000. 


DATE-SHELLS 


In date-shells (Lzthodomus) the foot is 
used as a boring organ, and the figure 
represents a piece of limestone that has 
been tunnelled by these bivalves, which 
belong to the same family as the sea- 
mussel. The hinder end of one individual 
f is seen projecting from its burrow, and it 
will be observed that the mantle-lobes 
# are drawn out into two tubes, or siphons, 
' at the end of which the inhalent and 
exhalent apertures are placed. Such si- 
phons, sometimes of considerable length, 
are found in a great many bivalves, and 
enable their possessor to feed and breathe 
when sheltered more or less deeply in 
burrows, either in firm substances or in 
the sand or mud of the sea-floor. 


| PSEUDOLAMELLIBRANCHIA 


The gills in the. order Pseudolamelli- 
branchia, though not so complex as 
those of the swan-mussel, present an advance on those 
described for the last order in that the constituent 
filaments are actually united together instead of being 
merely attached to one another by interlocking cilia. 

The wing-shells (dviculide), which in the type genus 
Avicula are drawn out into wing-like projections, are of 
special interest because they include the pearl-oysters, or, 
more correctly, pearl-mussels (Wargaritifera), of which 
the most notable are those producing the “ orient ”’ 
pearls of Ceylon. Until comparatively recently it was 
supposed that pearls were generally due to the forma- 
tion of calcareous shelly lavers round foreign particles, 
such as grains of sand accidentally introduced into the 
shell ofa bivalve and setting up irritation. Small pearls 
(‘‘seed”’ pearls), it is true, may be thus formed, but large 

ones are usually, if not always, 
3 deposited round the dead bodies 
, of some stage in the life-history of 
an internal parasite, which may 
_ be either of the fluke or tape- 
- worm kind. They belong to the 
latter in the case of Margaritifera, 
; and the life-history has been 
worked out by Professors Herd- 
man and Hornell. 

* The adult tape-worm (a species 
| of Tetvarhynchus) lives in the 
intestines of a large Indian ray 
} (Trvygon), andits embryos, passing 
out into the water, are ultimately 
carried in large numbers into the 
'}inhalent openings of pearl- 
| mussels. Entering the bodies of 

these bivalves, they develop into 

a further stage. The mussels are 
devoured by trigger-fishes (Balistes), which crunch them 
up with their strong teeth. Within the stomach of 
the trigger-fish the embryo tape-worm is liberated from 
its investment by the action of the gastric juice, bores 
through the wall of the stomach, and passes into a 
dormant encysted stage, No further development is 
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possible unless the trigger-fish falls a victim to the 
voracity of one of the sting-rays already mentioned. 
Should this happen, the parasite becomes an adult 
tape-worm. 

A certain number of the minute stage infesting the 
pearl-oyster dies within their hosts, and being covered 
over by successive layers of calcareous deposit, similar 
to that which lines the shell, pearls are the result. 
It is a whimsical reflection that 
the proud wearer of a_ historic 
pearl necklace handed down as 
a much-prized family heirloom, 
is in reality adorned with the 
costly sepulchres enclosing the 
mummified bodies of a series of 
tape-worms that died. in infancy, 
and if, indeed, there be any truth 
in the familiar story, the proud 
Cleopatra would have hesitated 
before drinking the pearl dis- 
solved in vinegar had her zoo- 
logical knowledge been as com- 
plete as our own. 

The importance of scientific 
research as applied to practical 
matters is well illustrated by 
what has been said about the 
pearl tape-worms. When the Ceylon pearl fisheries 
(after a record yield in 1891) failed for some ten years, 
it was suggested that the trigger-fish, well known to 
devour the oysters, was responsible for the failure, and 
should be exterminated. Had this been done the tape- 
worm would also have been rooted out, and there 
would have been no more pearls. 


OYSTERS 


The oyster family (Ostveid@) is of economic as well 
as scientific interest, and we may take the well-known 
“native oyster’ (Ostvea edulis) as an example. As 
compared with an ordinary free-moving bivalve, 
it is of a rounded shape, and during most of its life is 
fixed to some firm object by the substance of its left 
valve, which is deeply convex, while 
the right valve is flattened, and serves 
asalid. The anterior adductor muscle 
has disappeared, and the posterior one 
has shifted to the middle of the shell, the 
most convenient position for it. The 
foot has also disappeared. The shell is 
opened by means of what is termed 
an “‘internal’’ ligament, consisting of 
an elastic pad, lodged in a pit at the 
hinge of the shell (above in the figure). 
When the shell is closed by the action 
of the adductor muscle, this is com- 
pressed, and when the muscle slackens 
its elasticity comes into play and 
separates the valves. In this species 
of oyster the sexes are united, but they 
are distinct in the American oyster (O. 
virginiana) and the Portuguese oyster 
(O. angulata). An enormous number 
of eggs are produced and hatch out 
into free-swimming embryos, which 
secure the distribution of the species, 
and compensate for the fixation of the adults. 
are popularly ,snown as “ oyster spat.” 

Oysters formed part of the food of prehistoric man, 
and their shells help to make up the rubbish-heaps 
(‘kitchen middens’”’) by which the wanderings of 
primitive communities are marked on the coasts of 
many parts of both the Old and New Worlds. Ovyster- 
culture of a more or less elaborate kind has been 
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ONE VALVE AND SOFT PARTS OF 


NATIVE OYSTER 


a, mouth; 4, mantle; c, adductor} d@, junc- 
tion of mantle-lobes ; ¢, gills 


practised by many civilised nations from the time of the 
Romans to the present day, and we know that in the 
luxurious days of Rome the flavour of the British 
“natives ”’ was appreciated. 

Mr. A. H. Cooke makes the following remarks about 
Roman oyster-culture: ‘‘ The first artificial oyster- 
cultivator ona large scale appears to have been a certain 
Roman named Sergius Orata, who lived about a century 
B.c. His object, according to 
Pliny the Elder, was not to please 
his own appetite so much as to 
make money by ministering to 
the appetites of others. His 
vivaria were situated on _ the 
Lucrine Lake, near Baiz, and the 
Lucrine oysters obtained under 
his cultivation a notoriety which 
they never entirely lost, although 
British oysters eventually came 
to be more highly esteemed. He 
must have been a great enthusiast 
ia his trade, for on one occasion 
when he became involved in a 
law-suit with one of the riparian 
proprietors, his counsel declared 
that Orata’s opponent made a 
great mistake if he expected to 
damp his ardour by expelling him from the lake, 
for, sooner than not grow oysters at all, he would 
grow them upon the roof of his house. Orata’s 
successors in the business seem to have understood 
the secret of planting young oysters in new beds, for 
we are told that specimens brought from Brundusium, 
and even from Britain, were placed for a while in the 
Lucrine Lake to fatten after their long journey, and also 
to acquire the esteemed * Lucrine flavour.’ ”’ 

That oysters are still appreciated may be judged from 
the fact that the Whitstable Company alone sells from 
ro to 12 million annually, about two-thirds of these 
being natives, while the annual yield of all the British 
fisheries is worth about £155,000, and that of the world 
over £3,728,000, the oyster fisheries of the United States 
coming first with a value of about two 
and a half million pounds sterling. 

It would take too much space to 
describe the details of oyster-culture, 
but. probably the most elaborate 
methods are practised in France, where 
crates of tiles, covered with lime, are 
placed on the shore in order to attract 
the “‘spat’’ when these pass into the 
fixed stage. The young oysters are 
subsequently flaked off the tiles, and 
placed. for a time in shallow trays 
covered with wire gauze. From these 
they are transferred to properly pre- 
pared and protected oyster-beds and in 
some cases fattening and other processes 
constitute a final stage. 


SCALLOPS 


The pectens, or scallops (Pectew), are 
typical representatives of another family 
(Pectinidg), which presents specialisa- 
tion comparable in some ways to that 
of oysters, but not carried so far. The fan-shaped shell, 
with two ear-like projections near the umbo, is often 
beautifully marked and coloured. A small foot is 
present. The large edible scallop is sedentary, like the 
oyster, but the shell is not fixed. In this case it is the 
right valve which is undermost and of convex shape. 
In most species, however, the valves are of similar 
size and shape. <A few scallops are fixed by a 
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byssus, while many are able to swim by opening and 
shutting the valves of the shell. The edges of the mantle 
in these shellfish are fringed with numerous sensitive 
tentacles, and usually studded with numerous eyes 
of complicated structure and red or green in colour. 
One kind of scallop (Pecten jacobeus) was used in old 
Sale as a badge by pilgrims returning from the Holy 
and. 


PILE SHELLS 
Except for their white colour, the file-shells (Limide) 
are not unlike the pectens in structure and_ habits. 
The edges of the mantle are fringed by long tentacles, 
but do not possess eyes. Some species can swim freely 
by flapping the valves, others are attached by a byssus, 
and these may construct a sort of shelter or nest by 
fixing various.hard bodies together with their byssal 
threads. 


EULAMELLIBRANCHIA 


The Eulamellibranchia form the largest subdivision 
of bivalves, and contain a great number of families, 
only a few of which can receive mention here. - The 
gills are plate-like, and of more complex structure than 
in any of the other orders. Seven suborders are 
recognised: (1) Submytilacea, (2) Tellinacea, (3) 
Veneracea, (4) Cardiacea, (5) Myacea, (6) Pholadacea, 
and (7) Anatinacea. 


FRESH-WATER MUSSELS 

In the suborder Submytilacea, the swan-mussel, 
already described, is a good example of the fresh-water 
mussels (Untonide), which have an almost cosmopolitan 
distribution. A peculiarity of the swan-mussel 
is the absence of interlocking projections and pits (teeth 
and sockets) along the hinge-line of the shell, hence 
the name of the genus, A nodonta (Gk. an, without; odous, 
odontos, a tooth). These, however, are present in the 
allied genus Unto, the shell of which is lined with a 
thick layer of mother-o’-pearl, furnishing the material 
from which pearl buttons are manufactured in Iowa 
and Illinois. River pearls are also chiefly derived 
from species of Unio 


(and Anodonta), the | 
most notable. being | 
Unio margaritiferus, 


which was the chief 
object of the once re- 
nowned pearl fisheries 
of Scotland and North 


ticularly notable. 
species and some of the 
pearls, are represented 
in the figure. 

We have seen (page 
1850) that orient pearls 
are formed round tape- 
worm embryos, and 
river pearls are also due 
to the presence of para- 
sites, in this case flukes. 
British pearls were 
famous so far back as 
Roman times, and a Conway pearl is said to be one of the 
jewels in the British crown. So late as 1865 the annual 
yield of the Scottish pearl fisheries was worth about 
£12,000, and at the present time the river pearls of 
Bavaria, Saxony, and the United States are of con- 
siderable importance. 

A second fresh-water family (Dreissenid@) is abund- 
antly represented in our canals and rivers by a species 


PEARL-MUSSELS, SHOWING PEARL WITHIN SHELL AND DETACHED 
PEARLS (1-8) 


(Dreissena polymorpha) which resembles the sea 
mussel in shape, and attaches itself to all sorts of firm 
objects by means of a byssus. It affords an interesting 
case of rapid dispersal, being native originally to the 
rivers flowing into the Caspian and Sea of Aral. It was 
first noticed in England in 1824, inthe Surrey Docks, 
where it was probably introduced with Russian timber, 
and since then has quickly spread through the fresh 
~ 49 waters of this country, 

wd? France, and Belgium. 

The family Cy- 
venide includes both 
estuarine and fresh- 
water species, Cyrena 
being the type genus 
for the former, while 
a small British river 
bivalve (Cyclas 
coenea) will serve to 
represent the latter. 
Tf some specimens of 
cyclas are placed in 
a glass vessel full of 
water, each of; them 
will soon rotrude 
eee two deleatel trans- 
lucent tubes from the back of the shell, these 
affording an excellent illustration of the siphons present 
in many bivalves. By adding a little carmine to the 
water the direction of the water-currents may be 
easily observed, and it will be seen that the lower siphon 
serves for taking in water, and the upper one for the 
passage of the outward current, which takes away the 
various waste products. The foot of cyclas can be 
used not only for burrowing, but for climbing, and one 
of these molluscs can easily crawl up the vertical glass 
front of an aquarium, using the tip and hinder region 
of its foot as suckers. As in fresh-water mussels, 
the eggs develop within the gills, but in this case it is 
the inner plates of these organs that are used for 
this purpose. 

The fresh-water oysters of North Africa constitute 
_ another family (4ther- 
' td@), the members of 
which crawl about when 
young, but ultimately 
settle down and become 
fixed. 

One of the best- 
known marine families 
(Cyprinid@) includes a 
“| large thick-shelled 
rounded form (Cyprina 
islandica), not uncom- 
mon on the Scottish 
coast. Itis an essenti- 
ally northern species, 
ranging south from 
Greenland on either side 
the Atlantic. 


TELLENS 

The suborder’ Telli- 
nacea includes several 
families, distinguished 
by an elongated flattened foot and two distinct 
siphons. They are mostly marine. 

The large and widely-distributed tellens (Tellinid@) are 
represented by nine British species, the small flat shells 
of which are common seashore objects, and are often 
very beautiful, being delicate, translucent, and tinted 
with pink or yellow. Another family (Scrobiculariida@) 
includes one common British form (Scrobicularia 


FILE-SHELL 


at Se | 
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piperata), which lives in the mud of. estuaries, and 
can stretch out its siphons to four or five times the 
length of the shell, thus being able to feed and breathe 
with comfort when its body is deeply buried in the mud. 
This arrangement, affording protection against sea- 
birds and predatory fish, is very common among 
bivalves ; and it may be mentioned that the siphons are 
very sensitive to changes in illumination, being rapidly 
drawn in if a shadow 
passes over them. This 
appears to be associated 
with the presence of pig- 
ment, and it is a case of 
“seeing without eyes,”’ 
of which examples are 
also found among the 
tube-worms (see page 
1839). 

Another family (Dona- 
cid@) is represented on 
British coasts by an 
elegant little bivalve 
(Donax folitus), some- 
what elongated in form, 
purplish in colour, and 
marked with radiating 
pale streaks. It is not 
unlike a tellen, but the 
shell is much stronger. 
The trough-shells (Mac- 
trid@) are squarish forms, widely distributed in shallow 
seas where the bottom is sandy, and represented by six 
native species. 


VALVE AND SOFT PARTS OF 
TRIDACNA 


a, inhalent ; 4, exhalent ; and ¢, foot open- 
ings; é, byssus; ¢, adductor muscle ; 
Z, shell 


VENUS SHELLS 

In the members of the suborder Veneracea the 
siphons are usually short. The most important family 
is that of the Venus shells (Venerid@), named in refer- 
ence to their elegant sculpture and attractive markings. 
They are marine forms, and there are several British 
species, of which perhaps the most familiar are the 
carpet shells (Tapes). One of the ‘“‘clams”’ (Venus 
mercenaria) largely eaten on the Atlantic coasts of the 
United States is a member of this family. 


COCKLES 


The cockle family (Cardiid@), the most important in 
the suborder Cardiacea, includes bivalves with a long, 
sharply bent foot and short siphons. The common 
cockle (Cardium edule) possesses a strongly ribbed shell 
of rounded outline, and with strongly convex valves. 
It burrows in the sand, and is particularly abundant in 
estuaries. It is a popular article of food, and the 
British cockle fisheries are of considerable importance. 
By suddenly bending and strengthening the foot, cockles 
are able to execute springing movements. The common 
cockle ranges into the Baltic, and is also found in the 
Caspian and Black Seas. Another and larger British 
species is the red-nosed cockle (C. rusticum), so called 
from the scarlet colour of its foot. 


TRUE CLAMS 


The true clams (Tyvidacnide) include tropical and 
subtropical forms, with a short foot, and attached by 
a byssus. The mantle is brilliantly coloured. The shells 
of the type genus (Tyvidacna) are broadly oval in form, 
extremely massive, and strongly ribbed. The edges of 
the valves are deeply fluted. There are six or seven 
species, which are often to be found living in the 
fissures of coral-reefs with the under side facing upwards, 
so that they are a source of danger to the natives. 

The shells of Jvidacna are sometimes employed for 
religious purposes, as in St. Sulpice, Paris, where two 
valves over 500 pounds in weight are used as bénitiers. 


The thorny oysters (Chamid@), as their name indi- 
cates, are fixed forms. They are tropical or subtropical, 
and the often brightly coloured shells are covered with 
ridges or spines. 

GAPERS 

In the suborder Myacea are included a number of 
families in which the shell is more or less elongated in 
adaptation to the purrowing, or it may be boring, habit. 
The edges of the mantle-lobes are fused together, by 
which entry of sand and the like is to a great extent 
prevented. A short slit is left, however, for the 
protrusion of the foot, which is generally rather small, 
and the hinder part of the mantle is drawn out into 
siphons. These are sometimes very large, and cannot 
be entirely drawn back into the shell, which, when 
empty, is consequently seen to “ gape’”’ at the back. 

The gapers (Myid@) inhabit deep burrows in sand or 
mud, and the common sand-gaper (Mya arenaria) is a 
common British form, and also abounds on the Atlantic 
coast of North America, where it is known as the long- 
neck or soft-shell clara.and is largely eaten. The name 
“long-neck ’’ has reference to the large and elongated 
siphons, which are fused together and covered with 
horny, wrinkled skin. Like marine bivalves generally, 
the gaper hatches out as a minute free-swimming larva. 
After a time this anchors itself to some firm object by 
means of a byssus thread. After attaining a length of 
about one-fifth of an inch, the young gaper throws off 
the byssus and begins to burrow. 


RAZOR-SHELLS 


The razor-shells (Solentd@) are more perfectly adapted 
to burrowing than any other bivalves, and this is associ- 
ated with the elongated narrow shell, to the shape of 
whiéh they owe their name. The foot is exceedingly 
large, and directed straight forwards, this being the most 
favourable position for the exercise of its locomotor 
function. Razor-shells, used in some localities for food, 
burrow with such extreme rapidity that they are very 
difficult to capture. There are two common British 
species, in one of which the shell is straight (Solen 
siliqua), while in the other (S. ests) it is curved. 


Another family (Saxtcavid@) includes forms able 
to bore into the softer 
rocks, though in many 


cases they are found at- 
tached to various objects 
by means of a small byssus. 
Gastrochena, the type 
of a distinct family, lives 
in the sand, and is remark- 
able for secreting a flask- 
shaped tube, covered with 
adherent particles. 


PIDDOCKS 


The suborder Pholadacea 
contains boring forms with 
long united siphons, and a 
short foot with a flattened 
end. 

The piddocks (Pholas) are 
elongated bivalves’ en- 
closed in thin white shells, 
the front ends of which are 
studded with hard projections, and serve as a file, by 
means of which burrows are excavated in all sorts of 
substances, including compact siliceous rocks. The 
foot is often considered to be the chief boring organ, but 
this is more than doubtful. Its sucker-like tip enables 
the animal to grip firmly the substance being bored, 
the actual boring being effected by a twisting move- 
ment that brings the rough front of the shell to bear. 
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SHIP-WORMS 

Ship-worms (Teredinide) are chietly weod-borers, 
notorious for the damage they inflict on the wooden 
timbers of ships, the piles used in the formation of 
dams for exclusion of the sea, and so forth. In the 
former case the introduction of copper sheathing was 
in the first instance a device to limit their ravages. The 
great dam-break in Holland at the beginning of the 
eighteenth century was due to their attacks. 

As will be seen from the figure, the body is long 
(6 inches to a foot) and worm-like, the small valves of 
the shell (seen at the top) being used for boring, while 
the hinder end of the body is drawn out into long 
siphons. At the base of these are a pair of shelly plates 
(pallets), probably used to close the burrow when the 
siphons are drawn back. The tubular dwelling is lined 
with a shelly layer secreted by the surface of the body. 


PANDORAS 


The bivalves included in the suborder Anatinacea 
are exceptional in the fact that the sexes are united in 
the same individual. 

One of the families (Pandorid@) is represented on the 
British coast by the genus Pandora, so called with 
reference to the magic box in which that goddess kept 
her gifts. It is somewhat narrow at the hinder end, 
and has a beautiful pearly lining. The right valve is 
flat and lid-like, the left valve convex. 

Another family (Clavagellide) includes the remark- 
able watering-pot shell (Brechites), that lives in sand or 
mud on the shores of the Indian and Pacific Oceans. It 
is enclosed in a shelly tube, one end of which is closed 


CLASS 


HELL - COLLECTORS on 
the northern coast of 
Britain not infrequently 
pick up small curved 
tubes, which may _ be 
described as slender, 
hollow cones, open at 
each end. These belong 
fomainempers' of tire 
present class (Scapho- 
poda). One species, the 
elephant tusk-shell (Den- 
talium entalis), is white 
in colour ; while a second, 


COMMON TUSK-SHELL 


the grooved tusk-shell A, in section; a, front wrap ewer 
J 1 ;_ 4, hinder mantle-cavity ; 6, mouth pro- 
oe taventuinum), is deli ess + c,anal opening 3 ¢, foot-cavity ; 


c 
cately grooved at the g, tentacle supports ; 4, posterior end 


by a perforated plate surrounded by a frill, as shown 
in the figure. 


This is the front end of the tube, and is 
directed downwards, 
while the other end con- 
tains the united siphons, 
the apertures of which 
are close to the top of 
the burrow. The foot is 
much reduced, and does 
not possess a byssus. At 
first sight this mollusc 
would hardly be recog- 
nised as a member of the 
order, but close inspec- 
tion will show a pair of 
minute valves imbedded 
in the side of the tube, 
near the perforated plate. 


SEPTIBRANCHIA 


The group formed by 
the order Septibranchia 
includes a small number 
of unfamiliar bivalves 
mostly living in deep 
water, and distinguished 
by the fact that the gills 
are represented by a 
perforated partition, or 
A, shipworm ; and 8, its larva. c, animal septum, stretching hori- 
of watering-pot shell; and pb, anterior zontally between the 


end of shell. «a; mantle ; 4, front end; c¢, 
mantle ; ¢/, foot ; ande, siphonal openings mantle-lobes. 


SCAPHOPO DA—TUSK-SHELLS 


broad end, and of a pinkish tint at the other. The 
enclosed shellfish burrows with facility by means of a 
trilobed foot that can be protruded from the broad 
or front end of the shell, and resembles the corre- 
sponding organ of a bivalve. In side view it has 
an obscure resemblance to the prow of a ship, whence 
the name of the class (Gk. scaphe, a skiff; pous, podos, 
a foot). 

The food consists of minute animals and plants, 
which are seized by the swollen, sticky ends of a bundle 
of slender thread (captacula), which can be thrust out 
from the shell, as shown in the figure. They probably 
are also useful as breathing organs. The head is 
ill-developed, though larger than in bivalves, and 
the mouth is situated at the end of a sort of snout. 
A rasping organ is present, as in snails and slugs. 

J. R. AtnswortH-Davis 


CLASS GASTROPODA—SNAILS AND SLUGS 


T® name of the class Gastropoda (Gk. gaster, belly ; 
pous, podos, foot) expresses one of the most obvious 
characters present in an average example—namely, 
the possession of a muscular expansion on the under 
side of the body, known as the foot, and usually serving 
for crawling over some firm substance. It is also 
seen in mail-shells (page 1847), but in these is not so 
sharply marked off from the rest of the body. Examina- 
tion of a creeping snail, periwinkle, or pond-snail will 
demonstrate its use, though the exact way in which 
it is employed is not by any means easy to understand. 
Under such conditions it will be seen that the front 
end of the body possesses a fairly distinct head, pro- 
vided with feelers or tentacles (the so-called “ horns ” 
of a common garden snail). 
Another well-marked feature of an average gastropod, 
such as any one of those above mentioned, is the 
elevation of the dorsal side of the body into a projecting 
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hump, covered by a spiral shell, which, being in one 
piece, is said to be univalve. The hump is due to the 
fact that most of the internal organs have been collected 
together into a compact mass, which is clearly marked 
off from the foot, so as not to hinder locomotion. It 
is twisted into a spiral form for the sake of compact- 
ness, again in the interests of locomotion, and the 
formation of a shell of corresponding form is evidently 
a protective measure. In fact, a great many snails are 
able to entirely draw back the body into the shell, and 
not infrequently there is a horny or shelly plate, which 
serves under such circumstances to give further security 
by acting as an operculum to close the mouth of the shell. 
The periwinkle-eater is well aware of its presence, for 
it gives a firm hold to the pin by which the animal is 
plucked from the shell to please the palate. When the 
periwinkle or other operculate snail is crawling, this plate 
is borne on the upper side of the back part of the ivot. 
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It is a matter of common observation that a garden 
snail is able to gnaw holes in cabbage leaves, while 
many marine forms may be observed to cut pieces 
out of seaweeds. This is the work of the rasping organ 
(odontophore), al- 
ready mentioned as 
being present in 
mail-shells and 
their allies, as well 
asin tusk-shells. A 
few words as to its 
nature will not be 
out of place here, 
especially as we 
shall find later on 
that a similar organ 
is possessed by the 
cuttle-fish group. 
In fact, the bivalves 
are the only mol- 
luscs in which this 
structure is entirely 
absent. 

By making a ver- 
tical longicidinal 
cut through the 
head of a snail, the 

Male, with shell removed main features of 
a non : as fe te oeen m: eae oS the Say eins organ 
Cee ee ee gone gents £1.83 may be. Observed. 
A, heart; wz, shell-muscle ; 4, foot The) aenth e eee 
into a muscular oval pharynx, often known as the buccal 
mass, and from the back end of which the gullet passes 
backwards. Rising up on the floor of the pharynx isa 
swelling, supported by gristly pieces, and provided with 
a complicated set of muscles. Stretching over this 
swelling, from front to back, is a horny ribbon (vadula) 
studded with numerous sharp projections, or teeth. 

By means of appropriate muscles this apparatus 
can be protruded from the mouth, when other muscles 
cause the radula to execute scraping or licking move- 
ments, by which particles are detached from the sub- 
stance used as food. By one or more firm horny jaws 
this substance is firmly held while it is being rasped. 
The radula passes at the back into a radula pouch, or 
sac, from which it grows forward as worn away. 

A few other features in the structure of a typical 
marine snail are shown in the accompanying figure of 
a periwinkle removed from its shell and partly dissected. 
Opening just above the neck of such a creature is a 
wide opening leading into a fairly large gill-cavity, 
the thin roof of which is termed the mantle, comparable 
to the mantle-lobes of a bivalve. 

In the specimen figured, the roof of the gill-cavity 
has been cut through along the right side, and the 
mantle has been turned over to the left. The last 

art of the intestine opening by the vent is seen on the 
left of the figure (d). It was originally on the right, 
but has been displaced. To its right 1s a comb-like 
gill (g), and behind this the heart (h), consisting of 
two chambers, a thin-walled auricle in front, and 
behind this a thick-walled ventricle. The auricle 
receives purified blood from the gill, and squeezes it 
into the ventricle, by which it is pumped to the body. 

Such a heart, containing nothing but pure blood, 
is said to be systemic, as in all molluscs. It contrasts 
markedly with the heart of fishes (lung-fishes alone 
excepted), which contains nothing but impure blood, 
received from the body and pumped to the gills for 
oxygenation. The latter type of heart is known as 
branchial. On the right of the gill is indicated a sensory 
structure, the water-testing organ (osphvadium), which 
tests the quality of the water entering the gill-cavity. 


PERIWINKLE 


A marine snail or slug hatches out as a little free- 
swimming veliger larva, resembling that of a bivalve, 
except in the character of a shell. 

Snails and slugs are divisible into three orders: 
(1) Fore-gilled Gastropods (Prosobranchia), (2) Hind- 
gilled Gastropods (Opisthobranchia), and (3) Lung- 
Snails and Slugs (Pulmonaia). 


FORE-GILLED GASTROPODS 


The periwinkle, mentioned above, is a good example 
of the order Prosobranchia, the position of the gill in 
front of the heart giving the name to the group. That 
the intestine should open just oyer the neck seems a 
curiously insanitary arrangement, and it is quite unlike 
what is found in shells and bivalves, where the vent 
is at the posterior end of the body. The forward 
position has resulted from the twisting of the visceral 
hump into a spiral, which has also brought the gill in 
front of the heart. The remote ancestors of snails and 
slugs were no doubt entirely bilaterally symmetrical. 

The order is divided into two suborders, and these 
again into families. The former are: (1) Shield-gilled 
Gastropods (Scutibranchia), and (2) Comb-gilled Gastro- 
pods (Pe-ctinibranchia). 


SIDE-SLIT SNAILS 

The suborder Scutibranchia derives its name from 
the shape of the gill (or it may be gills), which is of a 
pointed oval shape, and consists of a central axis, 
with a series of leaflets on each side. 

One of the most interesting families (Pleuvotomariid@) 
contains the side-slit snail (Plewrotomaria), now very 
rare and represented by only six species, but once very 
abundant, including more than a thousand fossil 
species. Two gills are present, and a slit on the outer 
side of the mouth of the shell serves for the passage of 
water from the gill-cavity. The presence of a single gill 
in periwinkles and the great majority of marine forms 
is undoubtedly due to reduction. 


SEA-EARS 

The sea-ears, or ormers (Haliotide), are also two- 
gilled forms, and one species (Huliot?s tuberculata) is 
well known in the Channel Islands, where it is esteemed 
as a delicacy. The visceral hump has been here flattened 
out, and the spiral mostly obliterated. As a result 
of this the shell, which is beautifully coloured, is an oval 
moderately convex plate; and there is a row of holes 
over the gill-cavity, corresponding to the slit in a side- 
sht shell, and serving the same purpose. The oval 
foot is extremely muscular and powerful, enabling the 
former to hold with great tenacity to rocks or stones. 


SLIT AND KEYHOLE LIMPETS 

Still another family (Fissurellide@) includes two- 
gilled forms with a conical visceral hump and shell of 
corresponding shape. The slit-limpets (Emarginula) 
possess a Slit on the uuu Se ee Pee = 
front margin of the fF - 
shell serving the same 
function as in Plewro- 
tomaria, while the apex | 
of the shell is drawn 
out into a backwardly | 
bent beak. In -Rimula 
the slit is replaced by 
a small hole near the |} 
front margin of the [ 
shell, while in the 
keyhole-limpets (Fis- 
suvella) there is an opening at the top of the cone. 
In the course of its development one of the latter 
passes through stages in which- there is first a slit 
and then a hole, placed as in Rimula. 
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DOLPHIN-SNAIL 
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LIMPETS AND 


TOP-SNAILS AND ALLIES 

The remaining shield-gilled snails never possess more 
than one gill, and are therefore more specialised than 
the forms already mentioned. The well-known top- 
snails (Lurbinide) and a closely allied family (Tvochide) 
include a great variety of very attractive forms, includ- 
ing a number of British species. The operculum is 
horny in the former family and shelly in the latter. 
The members of both families are distinguished by the 
beautiful pearly appearance of their shells when the 
outer layer has been removed, and these are therefore 
much employed for ornamental purposes, especially in 
the construction of boxes and other gfancy articles 
often seen for sale in seaside resorts. 


DOLPHIN-SNAILS AND. NERITES 

The dolphin-snails (Delphinulide) are tropical forms, 
of which an example is figured. Nerites (Neritide) 
are somewhat unattractive snails, of which a typical 
marine genus (NVevita) is distinguished by the possession 
of a stout spheroidal shell, able to resist the buffeting 
ot the waves, while a fresh-water relative (Nevitina) 
has a thinner shell. 


TORTOISESHELL LIMPETS 

The tortoiseshell limpets (Acm@id@) are so named 
from the markings on the shell, which 
is devoid of slit or opening. One species 
(Acmza testudinata) is fairly common 
in parts of Britain, and is often known 
in Scotland as John Knox’s limpet, on 
account of a mark inside the shell 
which bears a faint resemblance to 
portraits of that divine. 


TRUE@=LIMPETS 


The true limpets (Patellide) have a 
stout conical shell, which in the common 
species (Patella vulgata), and still more 
markedly so in the horse-limpet (P. 
athletica) is ribbed from apex to margin. 
Limpets are employed as bait, and to 
some extent as human food. A large 
proportion of their food consists of 
minute alge encrusting the rocks be- 
tween tide-marks, and the radula, which 
is subjected to unusually rapid wear 
on this account, is of relatively great 
length, being, in fact, longer than the 
shell. Of course, only a small part of this is in actual 
use, the remainder being a reserve contained within 
the radular sac. 

The rocks upon which these creatures live are gener- 
ally so studded with acorn barnacles and other organ- 
isms that it is difficult for the foot to obtain a firm hold, 
and a limpet makes its home on a definite spot, which is 
thus kept smooth, and gradually deepened into a seal- 
like depression, or “‘scar,’’ by the attrition of the 
eugene anapecase eae edge of the shell. 
| —~ Limpets_ feed 
when the tide is 
down, often wan- 
dering several 
feet from their 
homes, but re- 
turning as the 
tide comes up, 
‘ and holding on to 
the rock with very great force. When well covered with 
water, feeding isoften resumed. The “homing” faculty 
of limpets is difficult to explain, for the sense-organs 
are ill-developed, and it is not a matter of sight or smell. 

An interesting peculiarity of limpets is the absence 
of organs corresponding to the gills of forms so far 
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A, raft; B, egg-capsules 


ANIMAL OF MUREX 


WENTLE-TRAPS 


mentioned. The gill-cavity, however, is present 
in the usual place, and two little orange-coloured 
projections on its floor probably mark the position of 
the vanished gills. They 

are replaced function- 
ally by a large number 
of delicate plates, lodged 
in a groove above the 
foot, and shown in the 
accompanying figure. 


VIOLET SNAILS 


In the suborder Pec- 
tinibranchia there is 
never more than one gill, 
and this has lost one set 
of its leaflets, the axis 
with the remaining set 
looking something like 
acomb, hence the name 
of the suborder. The 
very numerous families 
are grouped into tribes, 
largely according to the 
nature of the radula; 
but this is too technical a matter for 
discussion here, and it must suffice to 
give some account of well-known or 
remarkable types. 

The beautiful, thin-shelled violet 
snails (Lanthinide) swim in the open 
sea, and are of carnivorous habit, feed- 
ing chiefly upon jelly-fish. The type 
genus (lanthina) is figured to show 
the remarkable egg-raft which these 
creatures construct of hardened mucus, 
rendered buoyant by the addition of 
air-bubbles. 

This is the work of the curved foot, 
which is kept upwards. The raft serves 
not only for the protection cf the egg- 
capsules, which are attached to its 
under surface, but also as a float for the 
benefit of the adult, enabling it to drift 
here and there with the currents and 
obtain an abundant supply of food. 


WENTLE-TRAPS AND MURICES 


The wentle-traps (Scalayiide) possess elegant ribbed 
shells of elongated spiral form. There are four British 
species, one of these, the common wentle-trap (Scalaria 
communis) being extremely beautiful. 

Murices (Muricide) constitute a large family of 
marine snails, in which the shell is often handsome. In 
the type genus (Murex) it is elongated and commonly 
spiny, and the opening is drawn out into a tube for 
lodging the siphon, a fleshy half-tube by which water 
is introduced into the gill-cavity. Such an arrangement 
is typical of carnivorous forms, and is perhaps related 
to their active habit, which necessitates vigorous 
breathing. It follows, as a general but not invariable 
rule, that the nature of the food of a snail can be 
determined by inspection of the empty shell. Vege- 
tarian forms, such as periwinkles, are devoid of a siphon, 
and consequently the mouth of the shell is entire 
(holostomatous). The shell of acarnivorous type, on the 
other hand, has a mouth which presents an indentation 
or tube (7.e., is siphonostomatous) for the lodgment of 
the siphon. 

The figure shows a partly dissected Murex, the gill- 
cavity having been laid open. In front will be noticed 
the tapering tentacles, with eyes at their bases. Pro- 
jecting forwards from between them is the protrusible 
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proboscis, and to the left is the long siphon. Further 
back, on the same side, is the gill (b), and by its side the 
water-testing organ (b'). Below, to the right. is the last 
part of the intestine, 
below and attached to 
which (darkly shaded) is 
the purple gland (p). 

This purple gland is 
of particular interest 
because its secretion in 
species of murex and 
sonie of the allied forms 
was the source of the 
famous Tyrian purple. 
Heaps of the shells of 
M. trunculus can still 
be seen on the Tyrian 
shores; while on the 
coast of Greece the same 
thing is true for another 
species (M. brandert), 
which was doubtless used for the same purpose. It 
would indeed appear that the ancient Phoenicians, in 
pushing their way from east to west along the Mediter- 
ranean, were partly impelled by the desire of finding 
fresh supplies of these s 
valuable dye-producing 
snauls. 

Murices attack other 
molluses, especially bi- 
valves, perforating the 
shells of their prey by 
means of their powerful 
rasping organs, probably 
aided by an acid secre- 
tion. Our only British 
species, the sting-winkle 
(M. erinaceus) is a notor- 


RHIZOCHILUS ANTIPATHUM 


jous ‘pest. to, oyster 
fisheries. 

The purple-snail (Pur- 
pura ltapillus), closely 


allied to the murex, is 
exceedingly common on 
rocky coasts round 
Britain. As the name 
amplies, it also yields a 
purple secretion. The 
thick white shell enables its possessor to resist the 
buffeting of the waves between tide-marks. The 
purple-snail may often be noticed boring holes in the 
strong calcareous investments of acorn barnacles, which 
commonly encrust the rocks upon which it lives. The 
eggs are contained in elegant little flask-shaped capsules. 

A small but remarkable family (Coralliophilid@) in- 
cludes a number of snails devoid of a radula, or rasping 
ribbon, and associated with various corals. In the 
figured species (Rhizochilus antipathum) the adult is 
fixed by out-growths from the mouth of the shell toa 
branching coral (Antipathes), and the food probably 
consists of minute organisms taken in through the 
siphon with the water used for breathing. The dog- 
whelks (Nassidz) include a common British species 
(Nassa reticulata) which rivals the sting-winkle in its 
depredations on oyster fisheries. 


WHELKS 


The whelks (Buccinide) are a large family best known 
from the common species (Buccinum undatum), which 
is of considerable value as bait, and has a wide distri- 
bution round the shores of the North Sea and the 
Atlantic coast of North America. A section through 
the shell is represented in the accompanying figure. 


STAR-FISH WITH 
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This species 1s somewhat variable, not only as to the 
shape and nature of the shell, but also as to the 
operculum, which is sometimes duplicated, or in rare 
cases triplicated. 

Among the most attractive members of the whelk 
family are the ivory-snails (Eburna), the species of 
which range from the Red Sea to the Cape and 
Australia. The smooth white shell is spotted with 
dark red, and the animal is also spotted. 


TULIP-SNAILS 


The tulip-snails (Fasciolavidz) are spindle-shaped 
forms, some of which attain a large size. One species, 
for example (Fasciolaria gigantea), native to the shores 
of South Carolina, is enclosed in a shell which may be 
2 feet long. 


CHANK-SNAILS 


The chank-snails (Turbinellidz) deserve notice on 
account of the fictitious value attached to left-handed 
sinistral specimens. ~®n this point A. H. Cooke speaks 
as follows: ‘‘ The chank-shell (Turbinella rapa) is of 
especial interest from its connection with the religion 
of the Hindoos. The god Vishnu is represented as 
holding this shell in his hand, and the sinistral form of it, 
which is excessively rare, 
is regarded with extra- 
ordinary veneration. The 
chank appears as a Ssym- 
bol on the coins of some 
of the ancient Indian 
Empires, and is still re- 
tained on the coinage of 
the Rajah of Travancore. 

“The chief fishery of 
the chank-shell is at Tuti- 
corin, on the Gulf of 
Manaar, and is conducted 
during the north-east 
monsoon, October to 
May. In 1885-86 as 
many as 332,0C0 speci- 
mens were obtained, the 
net amount realised being 
nearly Rs. 24,000. In 
former days the trade was 
much more lucrative, 
four or five millions of 
specimens being frequently shipped. The Government 
ot Ceylon used to receive £4,000 a year for licences to 
fish, but now the trade is free. The shells are brought up 
by divers from two or three fathoms of water. In 1887 
a sinistral specimen 
was found at Jaffna, 
which sold for Rs. 700. 
Nearly all the shells 
are sent” 10) dacer 
where they are sliced 
into bangles and 
anklets to be worn by 
the Hindoo women.” 


MITRE-SNAILS 


Mitre-snails (Mitri- 
d@), so named from 
their shape, are 
abundant on the shores 
of the islands in the 
warmer parts of the 
Indian and Pacific Oceans, and include a number of 
attractive forms, often of moderately large size. One 
of the best-known species (Mitra episcopalis) possesses 
a strong shell handsomely spotted with reddish orange. 
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‘and Pacific Oceans. 


PERIWINKLES 


VOLUTES 


The volutes (Voluitde) include a great variety of 
elegant shells, often beautifully coloured and marked. 
The last turn of the spiral is large, and the mouth of 
corresponding size. The music-shell (Voluta musica) 
of the West Indies, which will serve as an example, 
is marked with streaks and dots that have suggested 
its name. 


OLIVES 


The olives (Olivide) possess highly polished shells, 
the shape and general appearance of which gives them 
their appellation. They are mostly tropical forms, and 
highly carnivorous, ploughing through the sand in 
pursuit of their prey, which consists of bivalves. The 
front part of the foot (to right in the figure) is sharply 
marked off from the rest, and protects the head region, 
at the same time enabling easy progress through the 
sand, to which the smooth shell offers but little friction. 
The eyes are placed about half-way up the tentacles. 


HARP-SNAILS 


The harp-snails (Harpid@) include but a single genus 
(Harpa), the species of which are native to the Indian 
They possess large, brightly 
coloured shells, and an unusually large foot. Harp- 
shells are of interest because they are among the 
small number of snails possessing the power of self- 
mutilation. When suddenly disturbed they can cut off 
the hinder part of the foot by pressing the shell 
against it. In certain other cases »= aoe 
such mutilation appears to be re- —. ee 
sorted to in order to distract the 
attention of enemies, and possibly 
this may be the case here. 


CONES 
The cones (Conid@) make up a large 


extended, and the 

eyes are visible on the outer sides of the tentacles. 
Some, at least, of the cones can inflict a poisoned bite 
by means of the powerful teeth on the radula, which 
are provided with poison-glands. 

High prices have been given by collectors for the shell 
of certain species, the rarest being, of course, the most 
valuable. Of one species (Conus gloria-maris) from the 
Philippines and Moluccas only some dozen examples 
are known, and one of these was sold by auction in 
1854 for the sum of £43 Is. 


NATICAS 


The naticas (Naticide) possess a globular, smooth 
shell, and are modified, like the olives, for burrowing in 
the sand in pursuit of bivalves. The eyes are reduced 
or absent. Some species of the type genus (Natica) 
are British. The spawn is in the form of a broad sandy 
band rolled up in a spiral. 


CARRIER-SNAILS 


The curious carrier-snails (Xenophoride), which 
progress by a scries of leaps, attach all sorts of foreign 
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bodies to their conical shells, .a.habit which no.doubt 
helps to make them inconspicuous, increasing their 
chance of escaping from enemies. 


CAP-SHELLS 


The cap-shells (Capulide) are attached forms like 
limpets, and modified in a somewhat similar fashion. 
The Hungarian cap-shell (Capulus hungaricus), a 
British species, is covered by a conical shell, the tip of 
which is rolled back into a short spiral, like a cap of 
liberty. 

In another native form (Calypivea chinensis) there 
is a Curious projection into the shell, suggesting 
a cup in appearance, hence the popular name, “ cup- 
and-saucer limpet.’’ An unusual mode of life is adopted 
by a member of the family (Thyca crystallina) native 
to the Indian Ocean. As shown in the figure on 
page 1857, it is parasitic on star-fish, and its elongated 
snout is sunk within the body of its host. 


PERIWINKLES 


The periwinkles 
(Littorinide) are 
familiar vegetar- 
ian forms, mostly 
living between 
tide-marks, and 
very widely distri- 
buted. The edible 
species (Littorina 

“| littovea), eaten in incredible numbers 
~~ in the larger centres of population, is 
_ our largest native species. A smalland 
- very familiar British form (L. obtusata) 
; is enclosed in a small rounded shell 
devoid of a spire, and very variable 
in colour, exhibiting a range of tints 
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: j eee: ss from olive-green to bright orange- 
family, of which most members are eee ST EEE 8 8 g 
tropical. They are famous for the HORNED WINKLE —- Yellow. Ft abounds on brown sea- 

beauty of their : i: : _weeds between tide-marks. The 
shells, the general intertidal zone is of particular interest, because it 
shape of which can presents conditions favourable to the evolution of 
be seen in the terrestrial forms from aquatic ones, by a modification 
accompanying in the way of breathing. oe 
figure of the textile In this connection some of the periwinkles are 
cone (Conus tex- worthy of special study. One of our native species 
“ilis). The large (L. vudis), with a short-spired shell, lives at or near 
siphon is repre- high-water mark, and in this form the gill is of 
sented as fully tha oar relatively small size, while the roof of the gill- 


cavity is beginning to perform the functions of a 
lung. The process is carried still further in some 
of the tropical American periwinkles, which invade 
the land, and are even found climbing on trees. The 
gelatinous spawn of periwinkles may be found 
adhering to various objects. 

Another member of the family is the horned winkle 
(Plucuna divaricata), with a handsome banded shell, 
extremely long tentacles, and a pair of feeler-like 
organs borne on the back part of the foot, as shown in 
the illustration on this page. 

What has just been said about periwinkles pre- 
pares us for the fact that there are two allied 
families (Cyclobhoride and Cyclostcmatide), of 
which the members are purely terrestrial, havirg 
entirely lost their gills, and converted their gill- 
cavities into lungs. They must not be confounded 
with the true lung-snails, including ordinary land- 


snails and slugs, and which will be. considered 
in the sequel. Most of the forms in question 
are tropical, but some small species, such as 


Cyclostcma elegans, are British. In these and other 
members of their family (Cyclostcimatide) the foot is 
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VIVIPAROUS RIVER-SNAILS 


Male on left, female on right, and young in front 
traversed by a deep longitudinal groove, and its right 
and left halves are moved alternately in creeping. 

SPIRE-SNAILS 


The spire-snails (Rissotd@) are small marine and 
brackish-water forms with elongated, elegant shells, 


presenting a rib-like sculpture. There are a num- 
ber of British species. A closely related family 
(Hydvobiide) includes” species inhabiting fresh 
and brackish water. Regarding 


Much more remarkable are the worm-shells (Vermet 
id@), for, as will be seen from the figured species 
(Vermetus lumbricalis), the last few turns of the shell ar¢ 
not in contact. When young these snails creep about ir 
the usual way, but ultimately become attached tc 
various firm objects. 


WING-SNAILS 


The wing-snails (Strombid@) are of large size and 
mostly tropical, with thick, heavy shells, in which the 
outer edge of the mouth is drawn out into a wing-lke 
expansion. They move by a succession of leaps, 
effected by suddenly straightening the bent, narrow 
foot, scen on the upper side of the accompanying figure 
of a stromb (Strombus lentiginosus). The eyes are large 
and complex, and borne at the end of unusually thick 
tentacles. 

An allied species (S. gzgas) is the fountain-snail, or 
conch, of the West Indies, the pink shell of which may 
weigh as much as 4-Qr 5 pounds. It is largely imported 
and ground up to minke fine porcelain, besides which it 
is one of the molluscs used for cameos, as the shell is 
made up of layers of different colour. It is also noted 
as the source of pink pearls. In the allied scorpion- 
snails (Ptevocervas) the expanded mouth of the shell is 
drawn out into a number of claw-like processes. 

A related family (Chenopodide) includes the pelican’s 

foot-snail (Chenopus pes-pelecani), of 


one of them, A. H. Cooke remarks : 


which an illustration is given. Itis 


“Specimens of Hydvobia ulve, taken 
on the wet sands at the mouth 


often cast up on our shores, or seen 
among the contents of a dredge. 


of the Dee, are found to have 
several little rounded excrescences 
scattered over the surface of the 
shell. These, on examination, are 
found to be little masses of sand- 
grains, in the centre of which is a 
clear jelly containing segmenting ova 
or young embryos. [In all probability 
the shell is the only comparatively 
stable object, in the expanse of 
shifting sands, on which the eggs 
can be laid.” 


RIVER-SNAILS AND APPLE-SNAILS 

The river-snails (Viviparide) are 
not unlike large thin-shelled peri- 
winkles, as may be seen from the figure. The eggs are 
hatched internally, and the newly-born young have 
bristly shells, the bristles being ultimately lost. 

The apple-snails (Ampullariid@) inhabit tropical 
marshes, and are remarkable from the character of 
their breathing organs. The gill-cavity is divided into 
two parts, one of which contains the gill, while the 
other serves as a lung. Semper says that they “ breathe 
not only with both gills and lungs, but they do so in 
regular alternation ; for a certain time they inhale air 
at the surface of the water, forming a hollow, elongated 
tube by incurving the margin of the mantle, so that the 
hollow surface is closed against the water and open only 
at the top. When they have thus sucked in a sufficient 
quantity of air, they reverse the margin of the mantle, 
opening the tube, into which the water streams.’’ 
During the dry season these snails remain imbedded 
in the mud in a torpid state. 


TURRET-SHELLS AND WORM-SHELLS 
The marine turret-shells (Turritellid@) merit a word 
in passing, because the much-elongated, gently tapering 
shell of a common species (Turritella communis) is one of 
the most familiar objects of the shore. The little blind- 
shell (Ce@cum trachea) belongs to the same family, and 
its investment is in the form of a slightly curved tube. 


PELICAN’S 


COWRIES AND TUN-SNAILS 

Cowries (Cypreide) are for the 
most part tropical forms, and are 
remarkable for the character of their 
shells, the spiral form of which is 
only revealed by sections, since the 
turn last formed covers and conceals 
the others. One beautiful little ridged 
species (Cypre@a europea) is not in- 
frequent on our coasts, while some 
of the larger kinds are very orna- 
mental. The money-cowry (C. moneta) 
has played an important part for 
currency purposes in India and 
Africa. It was formerly imported 
into this country in large quantities for use in the 
West African trade. 

The general appearance of the mainly tropical tun- 
snails (Doliid@) will be gathered from the figure on 
page 1860 of a typical species (Dolium perdix). The 
widely expanded foot and exceedingly long proboscis 
are represented, as is also the siphon, bent back on the 
upper surface of the shell. The glands connected with 
the mouth secrete a fluid containing an appreciable 
amount of free sulphuric acid, and this helps the 
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HIND-GILLED SNAILS 


tun-snail to perforate the shells of other mollnscs 
upon which it feeds. 


HELMET-SNAILS AND TRITONS 

Helmet-snails (Cassidide), of which one species 
(Cassis glauca) is figured, possess thick, heavy shells, 
much used for cameo carving. In one of the kinds 
(C. madagascariensis) most esteemed for this purpose 
the outer layer of the shell is white, under which is a 
dark brown portion, that makes an effective back- 
ground to the finished cameo. 

The tritons (Tvitonid@) are large marine forms, with 
strong, elongated shells. In a _ well-known Pacific 
species (Tviton tritonis) this may be a foot or more in 
length, and is used as a war-trumpet by the South 
Sea Islanders, the apex of the shell being broken off 
and serving as a mouthpiece. A Mediterranean 
species (I. nodiferus) was similarly used as a trumpet 
by the ancient Romans. 


HETEROPODS 

A very interesting group of comb-gilled snails, 
containing several families, is that of the Heteropoda, 
including a number of translucent 
creatures living in the open sea in 
almost all parts of the world. Part 
of the foot is modified into a flattened 
fin, by the movements of which 
swimming is effected, the upper side 
of the animal being directed down- 
wards. Heteropods are highly car- 
nivorous, and the mouth is placed 
at the end of a long, blunt snout. 
The eyes are extremely well developed, 
as also are the so-called organs of 
hearing, which have to do with 
the balance of the body. 

One of the-least modified hetero- 
pods is Atlanta. In this case there 
is -a- spiral shell, into which , the 
animal can be entirely retracted, 
the opening being then closed by an= 
operculum. In most other hetero- 
pods the shell is reduced, and in | 
most specialised species, such as 
those of Ptevotvachea, has altogether 
disappeared. 


HIND-GILLED SNAILS 


In the members of the last order 
we have seen that the dorsal part ‘ . 
of the body, in typical cases, is rolled up into a spiral 
mass, covered by a shell of corresponding shape, into 
which the animal can withdraw itself for safety. The 
result of the spiral twisting, which has been in a 
direction contrary to that in which the hands of a clock 
move, has been to bring the gill-cavity to the front, and 
the contained gills or gill are anterior to the heart, hence 
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PTEROTRACHEA 


MONEY-COWRIES 
the term. “ fore-gilled.” This spiral arrangement is 
in many respects inconvenient, and, as a matter of 
fact, has been done away with in limpets and certain 
other forms. 

The same thing applies to the members of the 
order Opisthobranchia, in which the 
spiral part of the body has more or 
less unrolled, bringing back the heart 
and gill to the right side of the body, 
the latter being commonly a little 
behind the former, whence the term 
“hind-gilled.”” This will be understood 
by reference to the figure on page 1860, 
which represents the blood system 
of a typical form. The spiral region 
has not merely unrolled, but, as it 
were, been absorbed into the rest of 
the body, which has become more or 
less slug-like. At the same time the 
shell has gradually been reduced, and 
in the sea-slugs, which are the most 
specialised members of the order, has 
disappeared altogether, together with 
the gill-cavity and gill, breathing 
being effected.in other ways. There 
are numerous families, grouped into 


two suborders—(1) Tectibranchia, 
and (2) Nudibranchia. 
TECTIBRANCHIA 


In the suborder Tectibranchia are 
included a number of forms, in which 
a shell is present as a rule, with a 
widely open gill-cavity, containing a single gill on the 
right side of the body. 

The members of the least specialised family 
(A cteonide) possess a spiral shell with projecting spire, 
and form a link with the fore-gilled types. Bubble- 
snails (Bullid@), so named on account of the appearance 
of the thin shell, are rather more modified, for the shell 
has lost its spire, as shown in the figure of a typical 
species (Acerva bullata), which abounds on the mud- 
flats of many estuaries. 

In a third family (Scaphandride) the shell is still 
further reduced, and the body cannot be withdrawn 
into it. The food consists of small molluscs, which are 
swallowed whole, being ground up by the action of a 
powerful gizzard. 

Another family (Philinide) includes a small, very 
abundant British species (Philine aperta), which is 
white and slug-like, and burrows in the sand and mud 
of the shallower parts of the sea. It is devoid of ten- 
tacles and eyes, and the small plate-like shell is imbedded 
in the body. 

The sea-hares (4 plysiid@) are so named from a faint 
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resemblance in form to a crouching hare, as will be seen obvious and conspicuous object, it exemplifies warning 


from the illustration of a typical species (4 plysia depi- coloration, apprising fishes and other enemies of un- 
Jans), which ranges from the French coast into the pleasant properties that render it undesirable as food. 
Mediterranean. The shell is . Among the largest and 


most widely distributed sea- 
slugs are the sea-lemons 
(Dovidida), of which oa 
species (Doris pilosa) 1s 
figured. The peculiar ridged 
tentacles are seen on the left, 
and the delicate branching 
leaf-like gills on the right. 
The latter are in the form of 
a circlet round the vent, 
and can be protected by 
being drawn back into 
pouches, as also can the 
tentacles. 

It may be noted that in 


a thin, curved plate, almost 
entirely enclosed in a pouch 
on the upper surface of 
the body. These creatures 
can not only creep, but also 
swim, there being a muscular 
expansion on either side of 
the body, which can be 
flapped up and down. In 
the figure these expansions 
are folded up over the back. 
Although apparently help- 
less, the sea-hares are pro- 
tected from their enemies by 
the possession of an un- 7 
pleasant odour, and they the sea-lemons and other 
are able to discharge a : a a j nudibranchs the spawn is 
purple fluid that probably TUN-SHELL in the form of a jelly-like 
serves as a defence. band, coiled up into a spiral, 

Belonging to this suborder are several families of and with one edge attached to some firm object. 
small, translucent, pelagic snails, popularly known as_ The larva that hatches from the egg possesses a spiral 
sea-butterflies, and which are found in vast shoals at shell, and also an operculum, which is one reason for 
the surface of the open sea. They were formerly believing that these creatures have taken origin from 
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CAVOLINIA SEA-LEMON 
assigned to a special order of wing-footed snails (Ptero-  shell-bearing ancestors. In a related family (Poly- 
poda). Some of them are enclosed in elegant shells, ceridz) the gills are not retractile. The little species 
of varied form, but not usually spiral. The figured represented (Ancula cristata) is white in colour, with 
species (Cavolinia tridentata) possesses a brown shell, orange tips to the projections from the body; and as 
drawn out into spines, and the it is certainly unpalatable to 
large fin-like expansions that fishes, this must be regarded as 
serve as Swimming organs are a case of warning coloration. 

clearly depicted. In many In the members of another 
kinds of sea-butterfly the shell family (Tethyide) the head is 
is absent. provided with a large hood-like 
flap, as shown in the species 


NUDIBRANCHIA we: oes 2 ih figured (Tethys leporina). This 

The most specialised of the CIRCULATION IN SEA-SLUG 13 a Mediterranean form, which 

hind-gilled forms are included in the suborder Nudi- swims actively, and as it possesses no radula, the food 
8 I 


branchia. Shell, gill-cavity, and gill have disappeared, probably consists of minute organisms. There are two 
and the body has become almost or entirely bilaterally rows of red-tipped processes along the upper side, which 
symmetrical. On account of their general appearance contrast with the translucent body. The animal gives 
they are popularly known as out a bright phosphorescent 
sea-slugs. Breathing is in some light, especially when irritated. 
cases effected by the general A protectively coloured family 
surface of the body, and in others (Dendronotide) is distinguished 
by special outgrowths, which by the branching processes from 
may be called gills, though they the body, which probably help to 
are. not comparable to the gills some extent in breathing, though | 
which are typical for average their chief use is most likely to 
molluscs. bring about a resemblance to sea- | 

The colour and shape of sea- weed. The figured species (Den- ' 
slugs may be either such as to _ dyonotis arborescens) is coloured! 
render them inconspicuous in SEA-HARE withshades of brown spotted with 
their natural surroundings, or the ; white, and as a result of its shape 
opposite. In the former case the arrangement comes and colours it harmonises with surrounding objects so as 
under the heading ef protective coloration andform, to be inconspicuous. This must help it to escape the atten- 
and some, at least, of such creatures are eaten readily _ tion of fishes by which it is known to berelished. The 
by fishes. When, on the other hand, a sea-slug is an _ speciesisnoi infrequent between tide marks on ourcoasts. 
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AZOLIDIA PAPILLOSA 


One of the most remarkable families (Phyllirhoide) 
includes little transparent fish-shaped creatures, devoid 
of foot, and met with in the open sea. Their general 
appearance will be gathered from the figured species 
(Phyllivhoé bucephala), which, like so many trans. 
parent pelagic animals, is highy phosphorescent. 

The eolids (#olidiid@) are creeping  slug-like 
forms, narrowing greatly at the hinder end, and with 
numerous tapering processes on the back. The largest 
British species (4olidia papillosa) is represented in 
the figure. The animal is coloured so as to be con- 
spicuous, and is not palatable to fishes, partly, no doubt, 
because the tips of the ae 
body outgrowths are pro- 
vided with stinging-cells, 
closely resembling those 
possessed by jelly - fishes 
and sea-anemones. This 
is therefore undoubtedly a 
case of warning colora- 
tion. The creature itself 
is highly carnivorous, and 
particularly fond of sea- 
anemones, the stinging 
properties of which pro- 
tect them from the attacks 
of most other animals. 

The last family to be 
noticed (El/ysiid@) includes 
small forms, of which the 
only British species 
(Elysia viridis) is figured. 
exe the sides of the 
body are drawn out into 
flat expansions that are supposed to serve as breathing 
organs. Elysia exemplifies protective coloration, har- 
monising with the seaweeds upon which it lives, and 
being able to change its colour according to the hues of 
its temporary home. When found on green seaweed 
it is green, while on brown seaweed it is brown. 


LUNG-SNAILS AND SLUGS 


The true land snails and slugs, together with certain 
fresh-water and brackish-water forms, make up the 
cosmopolitan order Pulmonata. In nearly all cases 
they are devoid of an operculum, and the equivalent 


PHYLLIRHOE BUCEPHALA 


ttt 


TETHYS LEPORINA 


DENDRONOTIS ARBORESCENS 


} rs 


ELYSIA VIRIDIS 


PO CN SERN Ds 


22] Hewes 


of the gill-cavity of an ordinary marine snail does not 
contain a gill, but is converted into a lung. Its openirig 
is reduced to a small hole on the right side, an arrange- 
ment by which desiccation is prevented. The sexes 
are united. - The relationship of the order to those 
already described has yet to be de.ermined, but its 
remote ancestors were undoubtedly marine, and 
probably the invasion of the land was by way of 
estuaries and rivers. 

Two suborders may be distinguished (1) Sessile-eyed 
Pulmonates (Basommatophora), (2) Stalk-eyed Pul- 


ae EARLET SNAILS AND 
POND-SNAILS 

The suborder Basom- 
matophora embraces forms 
in which an external shell 
is always present, and 
there is only one pair of 
tentacles, which cannot be 
retracted and bear the eyes 
at their bases. Most of 
them inhabit fresh water. 

The earlet snails (A urz- 
culide) are land forms 
living in the neighbourhood 
of the sea. The members 
of the type genus (Au- 
cula) often have large, 
strong shells, that of one 
species (A. jude) being 
feunede |) dhiswandgaius 
allies are chiefly found in 
the swamps of tropical islands. 

The pond-snails (Limneid@) are fresh-water forms 
found in most parts of the world, and represented in 
Britain by a number of species. In one of the most 
familiar genera (Limnea) the shell is thin, horny, and 
generally sharply pointed, as will be seen from the 
figure of our largest native species (L. stagnalis). Like 
other aquatic pulmonates they breathe air, and are 
therefore obliged to come at intervals to the surface. 
In one of the individuals represented a bubble of air is 
being expelled from the lung-cavity. ; 

These snails may often be seen creeping in an inverted 
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POND-SNAILS 


position just below the surface of the water. The eggs 
are deposited in jelly-like clumps on water plants or 
other submerged objects. One small species (L. trun- 
catula) has been mentioned elsewhere in connection 
with the liver-fluke, to which it serves as 
an intermediate host. CAN 
A related genus (Physa) includes small \== 
forms in which the shell: is left-handed. }4& 
A common British species (P. hypnorum) 
is fond of crawling just below the surface 
of the water, like some species of the pre- § 
ceeding genus. Like many of its allies, itis 3 
able to spina thread of hardened slime, & 


Like many land-snails this form passes through the 
unfavourable season of the year in-a torpid condition, 
withdrawing into its shell, and closing the opening 
with a plate of hardened slime, in the centre of which 
a three-rayed slit is left for the passage of air. 
Garden-snails, in common with many of their kind, 
possess a strong homing faculty, and are-~known to 
return time after time to some sheltered corner they 
have selected as a refuge. Their rate of crawling, 
which is proverbially slow, has-been carefully in- 
vestigated, and has been found-.on the average to 
amount to a mile in sixteen days* fourteen hours. 
Their muscular strength is very great, for a vigorous 
snail can lift nine times its own weight vertically, and 
drag fifty times its own weight along a smooth hori- 
zontal surface. An athlete weighing 12 stone, who 
wished to emulate the former feat, would have to climb 
a vertical ladder with a weight of 134 cwt. hanging 
from his waist. The eggs are laid in a small hole in 
the ground, made by the parent for the purpose. 
A much larger species, with a thick, yellowish white 
shell, is the "Roman snail (H. pomatia), so 
named because it is supposed to have been 
introduced by the Romans. However -that 
may. be, they, and other species, were 
cettainly esteemed as food by epicures of 
that nationality, and were carefully tended 
in ‘‘cochlearia,’’ or snail-gardens. Such 
gardens (escargotiéres) are now to be found 
in many parts of France and certain other 


sometimes over a foot-long, by which it 
hangs from the surface. The thread is 
expanded into a little float 
above. The snail climbs up 
this thread-when afresh supply 
of air is required. 

Trumpet-snails (Planorbis) 
are easily recognised by the 
flat spiral shell. The largest 
British species (P. corneus) is 
figured. The little fresh-water 
dimpet (Ancylus fluviatilis) is 
found attached-to stones at 
the bottom of streams, and 
possesses a thin conical shell. 
Unlike other members of the 
family, -it does not come to 
the surface at intervals in 
order to take in afr, and 
probably breathes the. air 
dissolved in water. 


AMBER-SNAILS AND LAND-SNAILS 


In the suborder Stylommatophora there are two pairs 
of tentacles, and the eyes are borne at the tips of the 
posterior longer pair. The tentacles are hollow, and 
can be drawn by special muscles into the interior of the 
body,, as may be’ seen by touching the extended 
‘““horns’”’ of a creeping garden-snail. 
the typical land snails and slugs, and are found in all 
parts of the world. 

The amber-snails (Succineid@) ate small forms which 
live in» water and damp places. on the land. . The 
delicate’shell is. yellowish or reddish in colour, and its 
shape will. be gathered from the {gure given of a 
common species (Succinea putris). 

The typical land-snails (Helictde) include a vast 
number of-species from all parts of the world, and 
living in almost every.conceivable situation. The type 
genus (Helix) embraces over 1,600 species,.the shells 
of which are of a gteat variety ‘f shapes.. The most 
familiar species is the common garden-snail (H. aspersa), 
well known for its depredations on cultivated plants. 


TRUMPET-SNAIL 


They include > 


countries. 

The much smaller field-snail (H. nemoralis) 
is remarkable for the variable 
colour and markings of the 
shell. This may be entirely 
yellow or brownish pink, or 
may be marked in addition 
with a number of dark bands. 
Something like ninety different 
colour varieties of the kind 
have ~ been described. A 
closely related species (H. hor- 
tensis), represented on page 
1820, is also very variable. 

The. little glass - snails 
(Vitrina), of which a typical 
British species (V. pellucida) is 
figured, possess a thin, horny 
shell, into which the whole of 
the body cannot be withdrawn. 
By suddenly jerking the hinder 
part of its foot it is able to 
spring off a stone or twig on which it may happen to 
be crawling, and this habit diminishes the chance of 
capture by predatory birds. The same part of the 
foot can also be detached voluntarily, a defensive 


1862 


SLUGS 


BLACK 


SLUG 


measure which is here and there illustrated in various 
groups of animals, especially lizards. 

A South American genus (Stvophocheilus) contains 
some large and handsome forms, one of which (Se 
maximus) bears a shell sometimes six inches in length. 
A smaller species belonging 
to another genus (Buliminus 
montanus) is shown in the 
coloured plate on page 
1820. 


BLACK SLUGS 


The familar black slugs 
(Arionid@) are best known 
in Britain by a species (Arion 
empiricorum) represented in 
the figure, which shows the 
round opening into the lung. 
This species presents many 
variations in colour, for 
though typically black, it 


whole body. Prof. Semper has described Philippine 
species as practising self-mutilation in an extraordinary 
manner, the hinder part of the foot being convulsively 
moved up and down until it falls off. 

The numerous species of. the type genus (Limavx) 
possess. a reduced internal shell.. The largest British 
species (Limay maximus), represented in the coloured 
plate, may be 6 inches. or more in length. The field- 
slug (L. agrestis) is a serious pest to crops and garden 
plants (see coloured picture on page. £820). 

The cellar-slug~(L. flavws) is one of the forms 
possessing a strong locality sense, for it has been 
observed to move to and fro along a regular track. 
It has an objectionable habit of getting into flour-jars 
and pans of cream. 


SHELL-SLUGS 

The shell-slugs (Testacellid@) differ from the forms 
so far described in being highly carnivorous. The 
extent to which the shell is developed -varies greatly. 
In the species figured (Testacella haliotidea) it is in the 
form of a cap on the tail. This species, which is 
found in Britain, lives under- 
ground, and devours earth- 
worms. 


WARTY SLUGS 

A peculiar family of warty- 
looking slugs (Onchidiide), 
. which are mostly tropical 
or subtropical, includes one 
species (Onchidium celticum) 
found in South Devon and 
Cornwall. These creatures 
live on- sandy shores near 
high-tide mark, and swallow 
sand for the sake of the 
contained - organic matter. 


may be brown, red, yellow, 

greenish, or white. Two 

varieties are shown in the coloured plate 
on page 1820. The sea-slugs have un- 
‘doubtedly _ descended from _ shell-bearing 
ancestors, and the same thing is true 
for land-slugs. In this case all traces of 
the shell have disappeared, except some 
calcareous granules imbedded in the skin 
of the back. 


CHRYSALIS SNAILS 
The chrysalis snails (Pupid@) includes 


small land forms with elongated left-handed shell, the _ 


One 
and 


opening of which is narrowed by projections. 
species is represented in the coloured plate, 
a related genus is Clausilia. 


AGATE-SNAILS 
Among the agate-snails (Stenogyrvid@) the genus 
Achatina includes species, of which one (dA. fulica) 
from East Africa is figured, with large handsome 
shells. A West African form (A. variegata) is the 
largest existing land-snail, its ‘shell being sometimes 
over 7% inches in length. 


: TRUE SLUGS 
The true slugs (Limacidg) are for the most part 
devoid of a shell, or possess but asmall one. An excep- 
tion is afforded to this by species of the genus Zonites, 
which possess thin, somewhat flattened spiral shells, 
into which they can entirely withdraw themselves. 
A smaller but’still ‘sufficiently obvious shell is present 
in members of a genus (Helicarion) very like that 
containing the glass-snails (Vitvina), elsewhere described. 
The shell in this case is. not large enough to contain the 
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The little shore - haunting 
fishes known as mud-skippers 


y 


sos of this kind, and it is remarkable that 
<= throughout the range of mud-skippers 
: the species of Onchidium possess very 
numerous dorsal eyes of complex struc- 
ture. They defend themselves against 
these enemies by contracting their skins, 
~ by .which the secretion of certain glands 
is forced out suddenly like a charge of 
small shot. It has been suggested by Prof. Semper 
that the dorsal eyes enable the slugs to perceive 
the shadows that mark the approach of the mud- 
skippers, but this has not been definitely proved. 
J. R. AinswortH-Davis 
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CUASS.. CEPHAEOPODA—CUTTLE-EISHES ANE aREies 


HE Cuttle-fishes and their kind are undoubtedly the 

most highly organised and the most predaceous of 

all molluscs. They are exclusively marine, and possess 

a powerful rasping organ, together with horny jaws, 

not unlike those of a parrot, as shown in the figure. 

When a shell is present at all, it is in the form of an 
internal calcareous or horny plate. A large 
part of what has been said, however, does not 
apply to one existing form, the pearly nautilus, 
which is a sluggish creeping animal invested 
with a spiral calcareous shell, and agreeing in 
this respect with the great majority of extinct 


probably help to secure the food, consisting in this case 
of bivalve molluscs, 

On either side of the head is a large eye of remarkable 
structure. It essentially consists of a pigmented cup, 
with a minute opening to the exterior that freely admits 
sea-water, and it appears to act on the principle of the 

pinhole camera. At the back of the body isa 
b capacious gill-cavity containing four feathery 
a gills, similar to those of Sea-snails in structure. 
c Water is admitted into the cavity by a wide slit, 
d__and expelled again through a muscular tube, 
the funnel consisting of two halves rolled 


types. e g together. 5 
Alike in pearly nautilus and cuttle-fishes, f There has been much discussion as to the 
the body is bilaterally symmetrical, and there ANCESTRAL nature of the funnel, which some think repre- 


1s amarked peculiarity in the head region. In 
the pearly nautilus there are a number of 
tentacle-bearing lobes round the mouth, and «, 
in cuttle-fishes, etc., either eight or ten sucker- 
bearing processes in the same region. It is 
generally held that these structures are in reality the 
front part of the foot, which has wrapped round and 
fused with the head proper. 

We have seen in typical snails that the dorsal region 
of the body is drawn out in a twisted hump covered by 
a shell, but that the ancestors of such forms were 
probably in many ways similar to the existing primitive 
creatures known as mail-shells, or chitons. 

Creatures of much the same kind were 
probably ancestral to the members of the 
present class, but as the remains of these are 
among the most ancient known fossils, it is 
only possible to speculate ina tentative fashion 
upon the course of evolution. We may, how- 
ever, suppose that the remote creeping 
ancestors of cephalopods developed a dorsal 
hump, as in the case of snails, differing, how- 
ever, in being bilaterally symmetrical. It was 
probably covered and protected by a cap-like 
shell. The gill-cavity was at the back of this 
hump, and contained at least one pair of gills. 
The arrangement was essentially an adaptation 
to swimming, the creeping habit being 
gradually abandoned, and the foot shortened 
up in consequence, as represented in the figure, which 
is an attempted restoration. If we may judge from 
existing types, the method of swimming was somewhat 
peculiar, the motive power being supplied by waste 
water squirted out of the gill-cavity, so as to propel 
the animal backward. 

Recent cephalopods, to which our attention must 
mainly be directed, are divided into two 
orders (1) Four-gilled Cephalopods (Tetra- 
branchiata), and (2) Two-gilled Cephalopods 
(Dibranchiata). 


FOUR-GILLED CEPHALOPODS 


Among the Tetrabranchiata, the pearly 
nautilus (Nautilus pompilius) has a rounded 
body contained in the last compartment of 
a spiral-chambered shell. A ee 
sort of cord (s¢phuncle) runs 
from the body through the 4 
remaining chambers, which 
are separated from one gq} 
another by curved partitions, 
or septa, with wavy edges. 
The parrot-like beak is sur- 
rounded by lobes fringed 
with sticky tentacles, that 


A, PEARLY NAUTILUS 


CEPHALOPOD 


a, visceral hump ; 4, shell ; 

gill cavity ; 

e, head ;_f% foot ; yg, side- 
flaps (epipods) 


FEEDING ORGANS 
OF CUTTLE-FISH 
a, beaks; 
rasping ribbon 


; B, SEPIA; C, SPIRULA 
a, body ; 4, siphuncle; ¢, eye; d, hood ; e, tentacles; / shell-muscle ; 
&, funnel 


sents part, or even all, the foot of other 
mollusys; but it is most probably comparable 
to the muscular side-flaps (epzpods) by which 
swimming is effected in sea-hares and sea- 
butterflies, as previously described. 

The nautilus lives on the sea-floor in the South-West 
Pacific, especially round New Guinea and the Philip- 
pines, at a depth ranging from 325 to 2,300 feet deep. 
It creeps by means of its tentacle-fringed lobes, and it 
has been suggested that the funnel can be unrolled and 
used for the same purpose. The chambers of the shell, 
marking regions the animal has outgrown and par- 
titioned off, are said to contain a certain 
amount of gas similar in composition to air, 
and secreted by the siphuncle. In this way a 
heavy encumbrance is buoyed up and prevented 
from impeding locomotion. The nautilus is 
able to swim by ejecting water through the 
funnel. 

The chambered shells of extinct cephalopods 
are very abundant as fossils, and we can trace 
back the completely spiral shell of nautilus 
through various transitionary forms to one 
that was perfectly straight (Orthoceras). This 
seems, in fact, to be the primitive kind of 
chambered shell, and rolling up gradually took 
place as a matter of convenience. 


TWO-GILLED CEPHALOPODS 


The order Dibranchiata includes cuttle-fishes, squids, 
and octopi, all of which agree in the possession of two 
gills only, while the body is never enclosed in a cham- 
bered external shell, like that just described for nautilus. 
Attached to the last part of the intestine is a pouch-like 
gland, the ink-bag, from which a dark fluid can be 
ejected, so as to cloud the surrounding water. This is 
done as a defensive measure, often enabling 
these animals to elude their enemies, these 
being predaceous fishes, or, in some cases, 
cetaceans. 

These creatures are also able to undergo rapid 
colour-changes, by which they harmonise with 
their surroundings and are rendered incon- 
spicuous. This has a double meaning, for on 
the one hand it no doubt helps them to escape 
their foes, and on the other to approach their 
own prey, largely consisting 
of fishes, without giving a 
premature alarm. Thechange 
3 of colour is effected by the 
yY agency of little pigment bodies 
(chromatophores) in the skin. 
These can contract to a very 
small size, rendering the body 
pale, or they may be pulled 
out to considerable dimensions 


d, gill; 


6, piece of 
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by the action of attached muscle-fibres, in which equivalent to the last vestige of a chambered shell— 


case the animal assumes a reddish hue. 


It may further be added that the funnel 


complete tube, the two curved 
folds which are distinct in 
nautilus having here become 
fused. The eyes are more 
complex than those of nautilus, 
and possess a spheroidal lens. 
There are two suborders: 
(1) Ten-armed  Dibranchs, 
(Decapoda), and (2) Eight- 
armed Dibranchs (Octopoda). 


CUTTLE-FISHES & ALLIED 
FAMILIES 


The cuttle-fishes and squids, 
which constitute the suborder 
Decapoda, are provided with 
ten sucker-studded prolonga- 

tions, or arms, around the 
CUTTLE-BONE eee ; : 
mouth, eight of these being of 


at the end farthest from the head. The shell serves 


a to maintain the firmness of the body during swimming 


and gives attachment to special 
muscles. 

The common _ cuttle-fish 
(Sepia officinalis), its shell, and 
grape-like egg-capsules, are 
represented in the accompany- 
ing figures. The members of 
the family are very widely 
distributed, but do not attain 
very large dimensions. They 
are used as food in India and 
the Far East, being sold in the 
driedform. Theink-bags were 
the original source of the brown 
pigment sepia. The powdered Jf 
cuttle-bones are still used in EGG-CAPSULES OF 
dental preparations, and under CUTTLE-FISH 
the name of “‘ pounce ”’ served 
the purpose of blotting-paper before that useful 


equal length, while the other two (conveniently called material was invented. 
tentacles) are relatively long, the suckers being also In all the remaining families of decapods the shell 


limited to a terminal expansion. 


The most primitive family 
(Spivulid@) is represented by an 
existing type (Spirula), of which 
but few specimens have been 
secured, though their shells 
abound on some tropical beaches. 
One of these is represented in 
the figure, from which it will be 
seen to be a chambered spiral, 
the coils of which are not in con- 
tact. Itis imbedded in the end 


SWIMMING SQUID 
A, arms ; B, tentacles ; C, funnel; D, fin 


is reduced to a narrow, horny 
“pen,’’ so called because it is 
not unlike a quill pen in general 
outline, as will be seen from the 
figure. The forms with shells 
of the kind are sometimes called 
calamaries, a name which has 
reference to the same circum- 
stance (Latin calamus, a quill 


pen). 
The least specialised of these 
families {Sepiolid@), includes the 


of the body, but partly projects to the exterior, and little species here figured (Sepiola vondeletit), which 
is of small size compared to the animal. Undoubtedly abounds in the Mediterranean, and is not infrequent in 


we have here the dwindled _-_ 
remnant of what was once an ~ 
external chambered shell, like 
that of nautilus. Several com- 
parable cases of shell reduction 
were described in dealing with 
the last class of molluscs. 

The cuttle-fishes (Sepizd@) are 
broad, flat forms with a narrow 
lateral fin, and long tentacles, 
which cah be drawn back into 
pouches. There is an internal 
shell in the form of a thick, 
laminated, calcareous plate, 
commonly known as a “ cuttle- 
bone,”’ and enclosed in a sort of 
pouch of skin on the front side 
of the body. Itis provided with ~~ === 


British seas. Buried up to the 
eyes in the sea-floor, it patiently 
waits for prey, and the little pit 
in which it is ensconced is partly 
excavated by jets of water from 
the funnel. 


SQUIDS AND ALLIED 
FAMILIES 

The squids (Loligintde) are 
elongated and conical, with wide 
triangular fins. They are cosmo- 
politan, and the common squid 
(Loligo vulgaris), a well-known 
British form, is figured, with its 
pen. It is much esteemed as 
bait. The numerous egys are 
ear ss + laid in a number of radiating 


a little spine—probably UPPER AND LOWER VIEWS OF SEPIOLA gelatinous tubes, 
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THE OCTOPUS 


Tn an allied family (Ommatostrephide) the body is 
proportionately longer and the pen narrower than in 
the ordinary squids. Shoals of these sea-arrows, or 
flying-squids (species of Ommatostrephes), are common 
in the open sea, and are preyed upon by dolphins and 
sperm-whales. The popular names have 
reference to their power of projecting them- 
selves for considerable distances out of the 


water, not infrequently landing on the 
decks of ships. Here, too, belong squids of 
sigantic size referable to another genus 
(Architeuthis). 
From various reliable descriptions we 
conclude that the bodies of such 


may 
creatures may attain a length of ro feet or 
more, with tentacles some 30 feet in length, 


function. It is passed 
into the gill-cavity of 
the female, and becomes 
detached, surviving for 
some time _ afterwards. 
Being formerly mistaken 
for a parasitic worm, it 
was given the name Hecto- 
cotylus, hence the word 
hectocotylised. 

An allied form (Eledone 
moschatus) is common in 
the Mediterranean and on 
British shores. The arms 
have one row of suckers, 
while there are two rows in 
Octopus. 

In two families of octo- 
pods (Cirrhoteuthide and 
Amphitretidg) the arms are 
united together into a sort 
of umbrella by intervening 
membranes, thus forming 
an apparatus for entangling 
prey, and which can also 
aid swimming by opening 
and shutting. 


ARGONAUTS 
Lastly may be mentioned 


a very interesting family 
(Argonautide), which in- 
cludes the argonaut, or 


paper-nautilus, about which 
all sorts of extraordinary stories were once current. 
Two of the arms of the female terminate in large, 
flat expansions, by which an elegant ribbed shell is 
secreted, this being shown in the figure. It is quite 
unlike any other kind of cephalopod shell, and its chief 
use is to serve as a receptacle in which the 
eggs are developed. Swimming is effected in 
the usual way, by expulsion of water through 
the funnel. The male is very small, and one 
of his arms is hectocotylised in a marked 
way, as shown in the accompanying illus- 
tration. 

In conclusion, it may be poimted'out that 
fishes and members of the present class have 
for long ages contested the mastery of the sea. 
The course of evolution in either group may 


and a weight of perhaps half a ton. Some be said to have been determined largely by 
of the accounts of a supposed great sea- 45) of pemarye ‘hat of the other. 4 
serpent are no doubt founded upon gigantic ~~ ~~ ae, 
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squids of the kind. 


OCTOPI AND ALLIED FAMILIES 


In the members of the suborder Octopoda there are 
eight sucker-bearing arms, but the long tentacles 
of cuttle-fishes and squids are absent. The internal 
shell is either entirely absent or only represented by 
vestiges. 

The typical octopi (Octopodide), of which the common 
form (Octopus vulgarts), 1s figured, possess a rounded 
body devoid of fins, and though able to swim with 
ease and rapidity, spend a good deal of their time in 
c:eeping. They lurk in rock-fissures and similar places, 
and are particularly destructive to crustacea. In some 
localities, such as the island of Sark, they attain very 
considerable dimensions, and are known to attack 
human beings. 

The male exhibits a peculiar modification common 
in octopods, one arm becoming specially modified, or 
‘“hectocotylised,”’ in connection with the reproductive 


ARGONAUT 


a, male with hectocotylus enclosed in sac; 


», male with hectocotyius turtner 
developed 
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SUBKINGDOM. ARTHROPODA 
JOINTED-LIMBED ANIMALS 


WE now come to the last and most highly special- _ pair are modified into jaws, while the excretory organs 
ised subkingdom of invertebrate animals—the | are for the most part of different nature. Cilia, which 
Arthropoda, or jointed-limbed forms. In several im- play so important a part in the invertebrate sub- 
portant respects they agree with the bristle-worms, and kingdom, so far considered, are entirely absent. 
are probably descended from the same ancestral stock Seven existing classes, divided into two groups, are 
as these. They are, for example, divided into rings, or — recognised, as” follows: “A. Aquatic Arthropoda 
segments, and their central nervous system consists of a _ (Branchiata) : (1) Sea-spiders (Pycnogonida), (2) King- 
ring round the front part ot the digestive tube, thickened crabs, etc. (Gigantostraca), (3) Crustaceans  (Crus- 
into a brain above, and continued behind into a ventral tacea), including lobsters, shrimps, crabs, etc. B. 
cord, which swells into a varying number of ganglia. Air-breathing Arthropoda*(Tracheata) : (1) Scorpions, 
Instead, however, of possessing paired hollow foot- Spiders, and Mites “(Arachnida), (2) Primitive Tra- 
stumps at the sides of the segments, they are provided cheates (Prototracheata), (3) Centipedes and Millipedes 
with pairs of solid jointed limbs, of which at least one (Myriapoda), (4) Insects. (Insecta). 


CLASS . PYCNOGONIDA—SEA-SPIDERS 


"THE animals belonging to the class Pycnogonida present at the tip of which the mouth is situated. This beak 
such a marked general resemblance to the true is not formed by-the fusion of limbs, like that of the 
spiders that they have been included in the same class. ticks, but results from the great development of the 
On the other hand, from their area immediately around the 
marine mode of life, some > oe mouth. The cephalothorax 
writers have come to the ' is divided into four distinct 
conclusion that their affini- segments, of which the first, 
ties are rather with the or head, supports the first 
crustaceans. Asa matter of four pairs of appendages, and 
fact, it appears impossible to has on its summit a pair of 
affiliate them with either of eyes, while the rest bear the 
these groups, and the general three posterior pairs of limbs. 
opinion is that they are Attached to the rest of these 
entitled to form a class by segments, and projecting 
themselves. In all these backwards between the last 
creatures the adult is pro- pair of legs, is the abdomen, 
vided with four pairs of well- which is reduced to a mere 
developed legs, composed of tubercle or rod-like process. 
a large and varying number / The greater part of the 
of segments, and each tipped FEMALE OF SLENDER SEA-SPIDER, WITH EGGS body-cavity is occupied by 
with a single claw. ; : the stomach, which sends 
These limbs, which are often exceedingly long and prolongations almost down to the extremities of the four 
slender, radiate from the sides of the cephalotherax, pairs of walking legs. No breathing organs are known. 
which is produced into stalks for their The sea-spiders are exclusively marine, and 
support. In front of them, and attached RE AF) range from shallow water to depths of sixteen 
to the headpiece, are sometimes three hundred fathoms or more. The conditions 
additional pairs of appendages. Hence of life in the deep sea have by no means a 
the full complement of limbs is seven, and dwarfing effect upon them, since the species 
not six pairs as in the true spiders. The living in the abysses of the ocean attain a size 
first pair of appendages, forming the never equalled by those frequenting the 
mandibles, are short and often pincer-like ; coast. Some of the former are of a very large 
the second pair, or palpi, being also shost ; size, Colossendeis gigas, for instance, covering 
while the third pair, which are only aspan of nearly 2 feet from toe to toe. None 
developed in the females, are shorter than i areabletoswim, but all crawl slowly amongst 
the true legs, and, from their function, SHORE-SPIDER the branches of seaweed. The embryo 
are termed the egg-bearing legs. emerges from the egg asalarva, provided with 
In some cases, however, these three pairs of append- a beak and three pairs of appendages, representing the 
ages have entirely disappeared, as in the shore-spider — short anterior three pairs of the adult ; the four pairs of 
(Pycnogonum littorale). Projecting forwards from the great locomotor limbs being subsequently produced by 
front end of the body is a long, rigid beak, or proboscis, outgrowths from a posterior elongation of the body. 


CLASS GIGANTOSTRACA—KING-CRABS 


BS many respects the representatives of the class related to the primitive crustaceans, the more specialised 
Gigantostraca occupy a position intermediate between kinds are strikingly like some of the scorpions. The 
the scorpions and spiders and the crustaceans. From class. contains three orders, named Xiphosura, Meros- 
the fact that they are marine and breathe by means of tomata, and Trilobita. The last two of these are now 
gills, they were formerly always classified with the crus- en... extinct, and the first-named nearly so, since 
taceans, but a large amount of evidence has been brought it is represented at the present day by only a single 
forward to show that, whereas the earliest kinds are genus, the king-crabs, or horseshoe-crabs (Limulus). 
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XIPHOSURA 


In the existing group, forming the order Xiphosura, 
the body is armed behind with a long spike-like tail, 
movably articulated to the middle of the hinder 
border of the abdomen. The abdomen consists of a 
large unsegmented pentagonal. plate, armed on each 
side with six movable spines, and hollowed out below 
to receive six pairs of large flattened limbs, attached 
to the anterior part of its lower surface. With the 
exception of the first, each limb supports on its hinder 
surface a bunch of fine branchial plates, arranged one 
above another like the leaves of a book. In front of 
the abdomen comes the cephalothorax, which is covered 
above with an enormous carapace, having its border 
semicircular and its hinder angles acutely produced. 

The carapace is furnished above with four eyes, two 
being small and simple ocelli, situated close together 
some little distance behind the front border, while the 
others are large kidney-shaped compound eyes, placed 
at a corresponding distance from the lateral margin. 
The great size of the carapace is due to the prolongation 
of its edges into a wide, sloping, shelf-like expansion, 
concealing the walking limbs. Of the six pairs of the 
latter, the first are placed in front of the mouth, and 
are short, three-jointed nippers; while the rest are 
longer, generally six-jointed, and all but the last nipper- 
like, the last or sixth ending in a number of flattened 
plates. The basal 
segments of the 
second, third, 
fourth, and fifth 
limbs are furnished 
with largeprocesses, 
projecting into the 
mouth and studded 
with numbers of 
slender softish 
spines. The mouth 
is thus situated 
between the bases 
of these limbs, near 
the middle ot the 
lower surface ot the 
cephalothorax. 

The males differ from the females in having the 
second or second and third pairs of limbs thickened 
and otherwise modified. In the male of the round- 
tailed king-crab (Limulus rotundicauda) the second 
and third pairs are considerably swollen, and the two 
fingers of the nippers cross each other when closed ; 
whereas in the Moluccan king-crab (L. moluccanus) the 
immovable fingers of these hmbs are reduced to short 
processes. ©. 

In distribution king-crabs are lmited to the east 
coast of the United States, to the shores of China and 
Japan, and of the Indo-Pacific Islands, ranging from 
the Moluccas to Singapore and Java. In the last- 
named area two species, L. moluccanus and L. rotundi- 
cauda, occur. The Chimese species is known as L. 
longispinus, on account of the long and strong spines 
projecting from the carapace and abdomen ; while the 
North American species is L. polyphemus. 

_ The habits of the last-named species are tolerably 
well known. It spends the greater part of the year 
in water from two to six fathoms deep, and, being 
unable to swim, creeps about the bottom of the 
sea in search of food, or even lives buried in mud, 
into which it scoops its way. This it effects by 
thrusting the front edge of the carapace forwards and 
downwards into the mud, the tail behind being 
used as a prop while the legs are engaged in raking 
up the mud and pushing it out sideways. The tail 


CHINESE KING-CRAB 


is also of service in helping the animal to regain its 
proper position if turned upside down. Digging the 
tip of the organ into the soil, the crab raises its body, 
and, after a few efforts, succeeds in struggling over. In 
fact, were it not for the possession of a long tail, the 
king-crab would be as helpless on its back as a tortoise 
in the same. position. ‘ 

King-crabs feed almost exclusively upon soft marine 
worms and bivalve molluscs. The food is seized and 
tucked into the mouth by means of the legs, where the 
spines on the basal segments of these appendages crush 
and tear it to pieces. In May, June, and July, large 
numbers of king-crabs approach the coast in couples 
to spawn. Choosing spring-tides, they advance along 
the bottom until the water is shallow enough to allow 
the carapace to project above the surface. The female 
then scrapes a hollow in the mud, lays her eggs, and 
hurries back with her mate into deep water. By the 
action of the waves the eggs are soon covered with a 
layer of sand, and at ebb-tide are exposed to the warmth 
of the sun. ~~ 

When first it emerges from the egg, the young 
king-crab is a minute, nearly spherical creature, with a 
fringe of stiff bristles running round the body, and 
differs from the parent in having no tail. Subsequently 
it undergoes a succession of moults, during which the 
form of the adult is gradually acquired, the tail appear- 
ing at the second change. The casting of the skin is 
effected by the 
splitting of the 
integument of the 
cephalothorax all 
round, immediately 
beneath the margin 
of the carapace. 
Through the aper- 
ture thus made the 
creature struggles 
forth, leaving its old 
shell behind. 

Before the growth 
of the tail the young 
king-crab is in a 
helpless state, the 
slightest obstacle 
turning it upside down. In this emergency it starts a 
vigorous flapping of its gill-plates, which causes it to 
rise in the water. Then, ceasing the agitation, it 
at once descends, with a chance of alighting right 
side up. 

The existing king-crabs are the typical representatives 
of the family Limulide, and fossil remains of Limulus 
occur in the Tertiary rocks as well as in the Cretaceous, 
Jurassic, and Triassic beds of the Secondary epoch. In 
the Paleozoic strata the class is represented by a 
number of forms, such as Belinurus from the Carbon- 
iferous, Protolimulus from the Devonian, and Hemiaspis 
from the Silurian, which resemble Limulus in most of 
their characters, but differ in having the abdomen com- 
posed of at least nine distinct segments. On this 
account they are referred to a distinct family, Hem/as- 
pidide. 

It is, however, interesting to note that in the 
young king-crab the abdomen is also composed of 
nine segments, so that, just as in the life-history 
of each individual king-crab the final and adult 
stage with a solid abdomen is preceded by a tran- 
sitory stage in which the abdomen is jointed, in the 
history of the class the existing and final stage, repre- 
sented by the adult king-crab of our own day, was 
preceded by a transitory stage, which, in the segmenta- 
tion of the abdomen, was on a level with the young 
king-crab. 
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_ of the species attained, examples of Pterygotus 


two pairs the maxilla. 


TRILOBITES 


MEROSTOMATA 


The seas in which these fossil forms lived were also 
inhabited by some nearly allied types, differing from the 
king-crabs both in habits and some important points of 
structure. The carapace, for instance, was much smaller 
and did not conceal the legs, the last pair of which were 


generally thickened and flattened, and transformed, 


as in Eurypterus, into powerful short paddles. In one 
form, however, named Slimonia, the legs of the last 
two pairs were enormously elongated, evidently to serve 
the purpose of oars. The abdomen was used as a 
propeller, and it was long and divided into 
twelve flexible segments, the last of which 
bore the tail-plate, or telson. As in the 
king-crab, the bases of most of the cephalo- 
thoracic limbs were armed with teeth and 
acted as jaws, but those of the anterior pair 
formed either short tactile organs or long 
and powerful nippers, as in Pterygotus. 

The Merostomata, as these animals are 
termed, appear to have lived both in fresh 
and salt water, and their organisation seems 
to show that they were powerful swimmers ; 
considering, too, the large size which some 


reaching a length of from 4 to 6 feet, there 
is little doubt that these monstrous creatures 
were the masters of the:ocean in Paleozoic 
times. 


TRILOBITES 


A third order is represented by the extinct 
trilobites, or Trilobita, which swarmed in the 
sea ot the Paleozoic epoch, and are among the earliest 
of known fossils. The name trilobite, or three-lobed, is 
given to them because in the best-known and typical 
members of the group the body is:divisible into three 
distinct parts—an anterior cephalic shield corresponding 
to the head of the Crustacea and to the cephalothorax 
of Limulus, and formed, as im crustaceans, of five fused 
segments ; a median thoracic portion, composed of a 
variable number of freely movable segments ; and the 
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pygidium, also composed of a variable number of 
segments, but usually fused to form a great caudal 
shield. The lateral portions of the segments are pro- 
duced sideways into great pleural plates, which mostly 
conceal the limbs, and the hinder angles of the cephalic 
shield are frequently prolonged into sharp spiniform 
processes, sometimes so long that they project backwards 
beyond the hinder end of the body. 

On the upper side of the cephalic shield there is a 
pair of large kidney-shaped compound eyes, but no 
sign of the simple eyes present in the Xiphosura and 
Merostomata has been discovered. For many years no 
trace of limbs could be detected, but it is 
now known that a pair of limbs was attached 
to the lower surface of each of the segments 
of the head and body; though, instead of 
there being two pairs situated in front of the 
mouth, as in crustaceans, there was only 
one, as in the Xiphosura, Merostomata, and 
Arachnida. These, however, take the form 
of long filiform antennz, and are placed on 
each side of a large upper lip, or Jabrum, 
behind which comes the mouth 

The rest of the appendages of the head, 
as well as those of the thorax, are alike, 
consisting of a large basal segment, from 
which spring two branches, an inner, which 
was used for crawling, and an outer, many- 
jointed and fringed with bristles, which 
was perhaps used fer swimming: Tne 
basal segments of ti:coe umbs in the head 
region were utilised as jaws, and in the 
pygidium the inner branches, or endopodites, 
were flattened and more or less leaf-like, 
as in the lower crustaceans, such as Apus. 

There is little doubt that trilobites, instead of swim- 
ming in the open sea and leading an active predatory 
life, spent their time crawling or swimming slowly 
along the bottom, feeding upon worms, burrowing in 
the mud, and, in case of danger, rolling up tightly 
into a ball, ike wood-lice. Many specimens are found 
fossilised in this condition, with the lower surt of the 
pygidium pressed against the head. 


Biase CRUSTACEA GRABS, LOBSTERS, CRAYFISH, & ALEEIES 


HE crustaceans comprise a large assemblage of 
arthropods, presenting great diversity of structure. 


~ Some of the parasitic species have become so simplified 


in organisation that they appear to present no relation- 
ship with the higher members of the class, such as crabs, 
lobsters, and wood-lice. Yet it is certain that all the 
species, whether terrestrial or aquatic, free-living, 
sessile, or parasitic, belong to the same stock, and may 
be derived from the same fundamental plan of structure. 

Essentially the body consists of a large number of 
segments, to each of which is attached a pair of two- 
branched appendages, the external branch being called 
the exopodite, and the internal the endopodite. Five 
segments at the front end of the body upite to form a 
head ; the appendages of the first two of these segments 
being situated in front of the mouth, and performing the 
office of feelers, or antenna, while those of the-remain- 

g three segments are transformed into jaws, the 
st pair of jaws being the mandibles and the following 
The rest of the appendages are 
variously modified, and to some are attached respiratory 
organs in the form of gills. _ 

According to this definition, crustaceans. may be 


distinguished from the centipedes, millipedes, insects, 


etc., by the presence of two pairs instead of one pair 


- of antenne, and by possessing branchial and not tubular 


(tracheal) respiratory organs. The Arachnida may be 
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separated from crustaceans by having in front of the 
mouth only one pair of appendages, acting as jaws and 
not as antenne, while respiration is effected by means 
of saccular or tubular ingrowths of the integument. 

Nor can there be any confusion between crustaceans 


and the sea-spiders, since the latter have no antenne 
and all their appendages are placed behind the mouth, 
which is situated at the extremity of a tubular proboscis. 
But when we come to the Xiphosura it is not so simple 
to point out the differential characters of the crustaceans, 
It is true that the king-crabs are easily distinguish- 
able, and appear to be more nearly relaced to the 
Arachnida, yet the trilobites, which seem to be ancestral 
forms of the king-crabs, show marked affinities to the 


primitive crustaceans. 

In a few crustaceans, especially those leading a 
terrestrial life or inhabiting fresh water, the young is 
very similar to the adult, and gradually attains 
maturity without going through any marked change 
of form ; but in the majority the young upon leaving the 
egg is unlike the parent, and only acquires its definite 
form after undergoing a series of moults. The earliest 
stage, which has been called the Nawplius, is a minute 
oval body, showing no trace of segmentation, and 
provided with a single median eye, and three pairs of 
swimming appendages, which become the two pairs of 
antenne and the mandibles of the adult. 
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This stage, however,-is by no means of invariable 
occurrence, but is chiefly characteristic of the lowest 
members—the Entomostraca—and is rare in the 
higher Malacostraca. “In some members of the latter 
group, nevertheless, it does occur, as in one of the 
shrimps (Peneus):,. In’ this, the 
nauplius passes into a stage called 
the zoea, in which four! pairs of 
appendages, representing - the 
maxilie and» the~two - following 
pairs of limbs of the adult, have 
appeared, and-~ the abdominal 
region increased’. in length, 
although, like the greater; part of 
the thorax, it is still limbless. <A 
pair of compound eyes is present 
on the sides of the head. 

After this so-called copepod 
stage, the large eyes) become 
stalked, the abdomen continues to increase in length, 
and takes on the function of swimming, which was 
before performed by the antenne, and the remainder 
of the thoracic and abdominal limbs appear. Since the 
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_ thoracic limbs are provided with a distinct exopodite, as 
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JAWS OF CRAYFISH 
a, mandible ; 4, c, maxille; d, e, 7 first, second, and third maxillipedes 


well as the principal 
branch, or endopo- 
dite, as in the cleft- 
footed shrimps 
(Schizopoda), this 
larva is known as the 
schizopod stage. 
Lastly, the median 
eye and the exopodites of the locomotor thoracic limbs 
disappear, and the adult form of the Peneusis attained. 
lt is, however, exceptional among the higher -forms 
for the young to be set free in the nauplius stage. 
The young of the 
lobster, for instance, 
hatehes in the 
schizopod condition ; 
while that of the 


common crab ap- 
pears in the zow#a 
form, although 


characterised by the 
presence of a long 
dorsal spine, and a 
sharp beak on the .! 
carapace. Moreover, ' 
the two pairs of 
antenne, the man- 
dibles and maxille, 
are of small size, 
while the following 
cvro, pairs of limbs are 
relatively large, and 
forked. By means 
of these, the minute 
transparent creature 
Swims, and, after 
undergoing several 
moults, passes into a 
stage termed _ the 
megalopa, which is : ) 
much like the adult, ee 
but has enormously 

large eyes, andswims 

by flapping its long, jointed abdomen like a shrimp. 


SUB-CLASS MALACOSTRACA 


Much difference of opinion still obtains as regards the 
classification of crustaceans, which are here divided 
into two main subclasses. In the subclass Malacostraca, 
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Peaks 
EDIBLE CRAB 


comprising the largest and most familiar forms, the 
number of segments in the body is very generally 
nineteen (but never more), and each has a pair of 
appendages. The first five segments compose the 
head, which, except in some blind species, bears a pair 
of compound eyes, two pairs of 
antenne, and three pairs of jaws— 
namely, a pair of mandibles in 
front and two pairs of maxille 
behind. The eight segments 
behind the head, which constitute 
the thorax, may be united with 
the head, as in crabs, when the 
whole region is termed the 
cephalothovax, and the shield that 
covers it the cavapace. 

Sometimes, too, as in the cray- 
fish, the anterior three pairs of 
thoracic appendages are trans- 
formed into jaws, anon this account are called the 
maxillipedes, or foot-jaws ; and in such cases only the 
remaining five pairs, called the trunk-limbs, are large, 
and used for locomotion or seizing prey. In less 
highly organised forms, all the maxillipedes may be 
free and foot-lke, as 
in the mantis-shrimps, 
or only the anterior 
pair, as in_- sand- 
hoppers, may act as 
jaws. 

The remaining six 
segments, forming the 
abdomen, are usually provided with six pairs of small 
two-branched limbs, and to the last of these segments 
there is articulated a single plate, or telson, while 
limbs, or uropods, are generally of large size, and 
form with the telson 
the tail-fin. 


ZOHA STAGE OF 
CRAB 


The Malacostraca 
are divisible into 
two series, the 


Podophtbhalmata, 
containing those in 
which the eyes are 
= perched on movable 
stalks, and “tie 

| Edriophthalmata, 
_ containing those in 
which they | are 
sessile, or, if raised 
upon. stalks, not 
imovable. The 
former are further 
-| distinguished by 
having the fore part 

of the body generally 
covered by a cara- 
pace; in the latter 
some of the thoracic 
segments are mov- 


AS able, and there is 
F< ene m eemeriall-y) «ms 
mato a carapace. 
4 ee 

a - ee Se DECAPODS 
The first. order 
(Decapoda) of the 
stalk-eyed series is characterised by having — the 


posterior five pairs of thoracic limbs strongly developed, 
and forming either walking or swimming legs, or 
prehensile pincers. The three pairs of maxilli- 
pedes are generally transformed into jaws; but in 
some of the lowest forms, as shrimps, the third, or 
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which it is usually tucked away. 


forming the tail-fin. 


CRABS 


last, pair are long and limb-like, so that in reality there 
are six pairs of large thoracic limbs. 
The gills, which are attached to the sides of the 


xephalothorax and to the basal segments of its limbs, 
te 


are concealed in a gill-chamber, formed by the lateral 
portions of the carapace. Each gill may be compared 
to a plume consisting of a central stem, to which are 
attached a number of delicate processes in the form of 
flattened plates or of filaments. The front aperture 
of the gill-chamber is closed by a movable plate called 
the scaphognathite, and attached to the second maxilla. 
During life this plate is in constant motion, baling out 
the impure water through the anterier opening, and 
thus compelling a flow of fresh fluid into the chamber 
through the openings at the hinder end of the carapace 
above the bases of the limbs. 


CRABS - 


Decapods are divisible into two suborders, the 
Brachyura, or short-tailed, and Macrura, or long-tailed* 
group. The first-named suborder contains those 
members of the order which may be called crabs. 
Here the abdomen, or so-called tail, is small, and shorter 
than the cephalothorax, against the lower surface of 
In the madles it is 
generally narrow, and bears only one or two pairs of 
appendages, but in the female it is broader and is 
furnished with four pairs of limbs. In neither sex is 
its last segment furnished 
with a- pair of uropods 
The px 
lower surface of the 
cephalothorax is generally 
broad and triangular, and | 
the third pair of maxilli- | 
Pedes are short and | 
flattened, and form, when 
in contact, a plate com- « 
pletely covering the rest of | 
the mouth-organs. 

The group is divisible 
into five tribes, the first of 
these being the Cyclo- | 
metopa, or those with 
rounded foreheads. It 
includes most of the com- Hetei ies 
moner species, such as the 
edible crab (Cancer 
pagurus) and shore-crab (Carcinus ‘me@nas). The 
former belongs to the family Cancrid@, characterised 
by having the carapace much wider than long. As 
an article of food the male is more esteemed than the 
female, being larger and having larger claws. The 
two sexes, as in all crabs, may be distinguished by 


-the size of the tails, this organ in the male being 


poe 


INDIAN LAND-CRAB 


SWIFT LAND-CRAB 


ca 


SWIMMING-CRAB 


narrower, more pointed, and having fewer and smaller 
appendages than in the female. The family Cancrid@ is 
represented in tropical seas by a large number of species 
and genera, some of which, such as Acte@a, have the 
carapace covered with granules and ornamented with a 
network of deep grooves. 

The members of the -family Portunide may be 
recognised by a modification 
of the last pair of legs. In 
the great majority of crabs 
these legs are like the rest, 
ending with a long, slender- 
pointed foot, which bears 
evidence to its being an 
' organ for running, climbing, 
or crawling; but in the 
Portunide these legs are 
much flattened, the last 
segment in particular being 
dilated into an oval plate. 
The creatures are thus 
|| equipped with a pair of 
oars, -by means of which 
: -..| they swim. Several species 
Peo Of the typical genws 
Portunus are found in 
Briish waters, and many of 
them are handsomely coloured, although none are such 
expert swimmers as the tropical species, especially 
those inhabiting the gulf-weed of the Atlantic. The 
peculiar motion of the oar-like feet has given rise to 
the name of fiddler-crabs, so often applied to the group. 
The figured species (Thalamita natator) is tropical. 

The common British shore, or green, crab (Carcinus 
menas), which is referred to this family, differs from 
the rest in having the last pair of legs adapted for 
walking, being armed with a claw, and not flattened 
into a paddle. Connecting the present with the follow- 
ing section is the family Thelphusid@, which contains a 
number of genera and species found in fresh-water 
streams or on land, and sometimes ascending moun- 
tains, in temperate and tropical regions. One of the 
best-known species is the South European Thelphusa 
fluviatilis, which swarms on the muddy banks of-the 
Lake of Albano, and is also abundant in the neigh- 
bourhood of Rome, where it is captured for sale. 
Another well-known form is the Indian land-crab (T. 
indica), to which the species here figured is nearly allied. 

The second tribe (Catometopa) is characterised 
by the broad and squared frontal region of the carapace 
being bent downwards. It is typically represented by 
the family Gecarcinus, which has representatives in both 
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THORNBACK CRAB 


the Eastern and Western Hemispheres. Two inhabit 
the West Indian Islands, and of one of these (G. ruricola) 
from Jamaica a full account has been given by Mr. 
Browne. 

These crabs are generally found at a distance of from 
two to three miles from the sea, where they spend 
the day under stones, or in other sheltered situations. 
Pairing takes place in the spring; and shortly after- 
wards the whole population makes 
a move for the sea, in which the 
females lay their eggs. When seized 
with this migratory instinct,nothing 
can turn them from their course. 
Issuing from hollow trees, from 
under rocks, and out of innumer- 
able holes, they muster in a host so 
fast that they thickly cover an area 
more than a mile long and upwards 
of forty yards wide. The males lead 
the way, and the band proceeds in 
a straight line to its destination, 


climbing over everything that 
comes in its road, be it hedges, 


houses, churches, hills, or cliffs, and 
rather clamber up at the peril of their lives than make 
a circuit. Having reached the sea, the females lay their 
eggs, and the young hatch out as miniature copies of 
their parents. At thé time of moulting, which takes 
place late in the summer, the crabs retire to their 
burrows, close up the apertures, and remain there 
out of harm’s way until the old shell is cast and the 
new integument hardened. It is while still in the soft 
state that these crabs, which are eaten by the natives, 
are considered most palatable. 

The second family (Ocypodide@) is typically repre- 
sented by the swift land-crabs (Ocypoda), which appear 


to be less strictly terrestrial than the last, although 
unable to endure a long sojourn in the sea. Indeed, 


from the adoption of a land life their breathing-organs 
have become so modified that these crabs may be 
drowned by an immersion of twenty-four hours. 
They frequent sandy beaches, and, when chased, run 
with such speed as to make their capture a matter of 
difficulty. They burrow deep perpendicular holes in 
the sand. In these they stay when the tide is up, 
but at low water they wander over the beach in search 
of food, which consists of sand-hoppers or any offal 
cast up by the waves. 

These crabs are gregarious, in the sense that numbers 


CALLING-CRAB 


frequent the same spot. Each has a burrow to itself, 
and if one of them tries to enter by mistake the burrow 
of another, the rightful occupant makes a loud scraping 
noise to warn the intruder of its error ; whereupon the’ 
latter retreats in search of its own abode. So strong * 
this instinct against trespassing that a crab will always 
risk the chance of a fresh run for safety rather than 
persevere in seeking concealment in the home of 
another. 

Nearly allied to the foregoing are the calling-crabs 
(Gelasimus), represented by a number of species from 
the warmer parts of the world. The carapace is broad 
and squared in front, and the long, slender eye-stalks 
lie, when at rest, along its front border, sunk in the 
orbits. But the most remarkable characteristic is 
the enormous size of one of the pincers in the male ; and 
it is from the habit of brandishing this claw, as if 
beckoning, that the name of calling-crab is derived. 

So abundant are these crabs that they may frequently 
be seen by the thousand either running over the sand 
or peering out of their holes. These holes, which are 
thickly scattered ov@r wide areas, lead into burrows 
frequently a foot or more in depth. The crabs scrape up 
a heap of sand, and, grasping the pellet with three of the 
legs of one side, carry it to some distance before letting 
it ‘drop, then, raising their eyes and peering round, dart 
back to the burrow, scrape together another heap, and 
persevere in the same manceuvre till the burrow is of 
the required depth. 

It was long supposed that the pincers of the male 
were used aS weapons of attack and defence; but, 
in addition to its size, this lhmb is noticeable for its 
bright colours, and Mr. Alcock, who 
observed a number of males of an 
Indian species (G. annulipes) waving 
their large claws in the presence of 
a female, has suggested that ir 
object in so doing is to make a dis- 
play of their gaudy ornamentation 
and thus influence her choice of a 
mate. 

The third family (Grapside) con- 
tains species which for the most 
part are shallow-water forms. They 
are widely distributed, and attract 
the attention of travellers both on 
account of their bright colours and 
their extraordinary activity. Pos- 
sessing long and powerful legs, tipped with sharp, 
strong claws, they are able to dart amongst the rocks 
on the coast with amazing speed, while by means of 
their flattened carapace and limbs they can slp away 
into the narrowest clefts and chinks. 

In the next tribe (Oxyrhyncha) the carapace is gener- 
ally narrowed in front and wide behind, and furnished 
between the eyes with a distinct beak, which is sometimes 
double and of great length. On its dorsal surface the 
carapace is usually roughened with spines or tubercles, 
and frequently 
furnished with 
hooked _ hairs. 
These crabs 
frequent deep 
water, and, at 
least on the 
English coast, 
are.regarded | 
by | fishermen 
as spiders. 


The charac- [-: 
teristics of this ; 
group are A ast tao 
shown in the DROMIA CRAB 
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overlying the three “eyes,” and then hammers LOBSTERS AND CRAYFISH 

away with its claws at the latter until a hole is made, The lobsters and crayfish (Astacidea) have at least 
when it extracts the kernel by means of its smaller three pairs of the large thoracic limbs pincer-like, the 
pincers. Some observers state that, after drilling first being much larger than the others. The antenne are 


through the perforated eye, the crab _ ee d ______ furnished with a distinct basal scale- 
grasps the nut in its claws and breaks [)7 7 ; joes | like plate. The first family (Evyon- 
it against a-stone. SOE ES ats CoP de tide) contains several genera found in 

In the next tribe, or Thalassinidea, - : ; : * deep water in various parts of the 
the carapace is much compressed and : : _ world, the slender-clawed Willemesia 


has a small rostrum, but the abdomen 
is well developed and often wider in 
the middle than in front. As in the 
short-tailed group, the fourth pair of 
thoracic limbs is enlarged and gener- 
ally completely chelate, while the four 
succeeding pairs, of which the last is 
smaller than the rest, usually terminate 
in simple claws. 

-All the members of this group are 
exclusively marine, living at the 
bottom of the sea buried a foot or more 
in the mud. The species Thauma- 
stocheles zeleuca obtained at a depth 
of four hundred fathoms in the 
West Indies is characterised by the 
extraordinary development of the 
pincers of the right claw, which are 
not only very long and slender, but 
beset with spine-like teeth. The 
creature is totally blind, having lost 

. both eyes and eye-stalks. 


ROCK-LOBSTERS AND GLASS-CRAB5 


In the tribe of the Scyllaridea none 
of the limbs of the thorax are truly 
chelate, and the antennze are not 
furnished with an external scale-like 
basal piece. The best-known members lurk under stones or the edge of banks, 
of this group are the Palinuridg, or (.. : : : . and creep out in the evening in 
rock-lobsters, one member of which ONE-CLAWED LOBSTER search of food, which consists of 
the crawfish (Palinurus vulgaris), may worms, water-insects, small frogs (0% 
be seen for sale in England. It is larger than the fish, and plants and roots of many kinds. During 
lobster, and has enormously long, stout antenne,and the winter they seek the shelter of crevices or 
a spiny carapace, but no claws. This species is figured excavate deep burrows in the banks. In these they 
on the left side of the coloured plate on page 1870. lie, with their antenne stretched forward, and their 

a hie second ol a ee ee. et een : _ Claws ready to seize 
family, Scyllavide, © “| any passing object 
contains a consider- | that may serve for 
able number of | prey. Pairing 
genera (Scyllarus, , takes place in the 
Ibacus, etc.), mostly autumn, and the 
from tropical seas, female retires to 
remarkable for hav- | her winter quarters 
ing the carapace _ to deposit her eggs, 
broadand flattened, which vary in num- 
with the eyes en- Deh ei LOnN sone BELO 
closed in complete . twohundred. After 
orbits on its upper being laid, the eggs 
surface, and the are attached to the 
antennz short and abdominal limbs of 
scale-like. In this the mother. During 
tribe the larve are the winter they 
unlike those of develop slowly, and 
crabs or lobsters. are not ready to 
On account of their hatch until late 
transparency and spring or early 
delicacy they are | os Summer. The 
called ‘glass-crabs. @sce@iast: ie EOS i 2 : young, which re- 
The body is formed SLENDER-CLAWED CRAYFISH semble the parent, 
of three distinct adhere to their 
parts, a large round-sided head, a smaller but alsoround- mother’s limbs, and do not leave her until able 
sided thorax, and a minute jointed limbless abdomen, to shift for themselves. Growth, however, although 
which projects from the hinder end of the thorax. fast at first, 1s a slow process, the crayfish not 
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leptodactyla occurring in both the 
Pacific and Atlantic Oceans, at depths 
varying from thirteen hundred to over 
two thousand fathoms. As in many 
deep-water species, the eye-stalks are 
rudimentary. The five posterior pairs 
of thoracic limbs are chelate in both 
sexes, and the first pair of antennze 
have their inner branches long, while 
the carapace is flattish with a small 
rostrum. 

The remaining three families— 
namely, the Nephyvopside, or lobsters, 
the Potamobude, and Parastacide, 
or true crayfish—are nearly allied. 
Among the former, the Norway lobster 
(Neéphrops) is smaller than the common 
lobster, and has the pincers long, 
slender, and covered ‘with scale-like 
tubercles. The common lobster (A stacus 
gammarus), from a commercial point of 
view, is one of the most important 
crustaceans. The crayfish (Potamo- 
biid@), which live exclusively in fresh 
water, are very like small lobsters ; 
one species (Potamobra fluviatilis) being 
British. 

Throughout the day crayfish usually 
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reaching maturity unul about five 
years after birth. They probably 
live, under favourable conditions, for 
about fifteen or twenty years. 


SHRIMPS AND PRAWNS 


The next tribe, Caridea, embraces 
the shrimps and prawns, in which the 
last three pairs of thoracic limbs are 
never chelate, although the two pairs 
in front of them are frequently so. 
The tribe is divided into three sections. 


The first of these, or Crangoninea, } 


contains the family Cvrangonide, or 
shrimps, characterised by having the 
first pair of trunk-limbs subchelate— 
that is, with the terminal segment 
capable of being folded back upon the 
penultimate. 

The common shrimp (Crangon vul- 
gavis) occurs in shallow water on sandy 
coasts of temperate countries of the 
Northern Hemisphere. Its colour is a 
speckled grey, corresponding closely 
with that of the sandy sea-bottom 
upon which it lives, and in which it 
buries itself when threatened with 
danger. To escape the vigilance of 
fish, shrimps resolutely keep them- 
selves hidden during the day, but 
come forth at night to hunt for food. 
The presence of this they perceive by 
means of scent, since a blind shrimp will 
find food as quickly as an uninjured one. 

A second British species is Allman’s 
shrimp (Crangon allmant), abundant in 
deep water in the Irish Sea and on the 
west coast of Scotland. It may be 
distinguished at once by the presence 
of two fine keels on the upper side of 
the sixth segment of the abdomen. Both 
have a short rostrum and no spines on 
the carapace; but some of the other 
members of the.family have crests of 
spines on the*carapace, and sometimes 
a largish rostrum,as in the Arctic Sclero- 
crangon boveas. dn Rhynchocinetes typus, 
from the South Pacific, this rostrum is 
not only large, but movably jointed to 
the carapace. 

The section Monocarpinea differs from 
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the last in having the first and second trunk-limbs 
completely chelate, and the second pair larger than the 
first. To this section belong a number of fresh and salt 
water forms, and among them the Palemonide, or 
prawns. The general form of the body is shown in 
the figure.of the common prawn (Leander serratus). 
In its native haunts the prawn is nearly invisible, 
being almost colourless, translucent, and marked 
merely with streaks of various tints. In the rivers 
of tropical countries occur prawns (Pal@mon) rivalling 
lobsters in size, and remarkable for the length of their 
pincers, which may exceed that of the body. Among 
the largest are P. jamaicensis from the West Indies 
and Central America, and the Indian P. lay, so much 
esteemed when cooked as a curry. 

Also belonging to the same section is the family 
Atvide, containing a few genera, such as Atya and 
Cavidina, found in both Eastern and Western Hemi- 
spheres in fresh-water streams and lakes. In Atya 
the trunk-limbs are_curiously constructed, the first 
two pairs being short and subequal, with the two fingers 

of the pincers tipped with a long tuft 
tas of hairs. The remaining three pairs, 
of which the first is much the stoutest, 
end in simple claws, and are studded 
with scale-like or spiny tubercles. It 
feeds on the organic matter contained 
in the mud which it gathers up in its 
nippers, compresses into pellets, and 
transfers to its mouth. 

The Polycarpinea contain those 
species in which the wrist of the 
second pair of trunk-legs is divided 
into several secondary segments. In 
other respects they are nearly allied 
to the last group. A common British 
representative is the red- shrimp 
(Pandalus montagut), which gives its 
name to the family Pandalide, and is 
abundant upon many parts of the 
British coasts. This tribe is abundantly 
represented in tropical seas by the 
hooded shrimps (A/pheide), remarkable 
for the concealment of the eyes beneath 
the edge of the carapace, and for the 
enormous size, bright colours, and 
pecuhar shape of the right or left 
pincers. With this instrument the 
hooded shrimps, which frequent holes 
and crevices in the coral-reefs, are able 
to produce a clicking sound when angry 
or alarmed by the approach of danger. 


' 
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The last tribe of the sub- 
order, known as Penzidea, 
appear similar to the 
Monocarpinea, but may be 
distinguished by the cir- 
cumstance that the first 
three pairs of trunk-limbs 
are -chelate, so that only 
the posterior two terminate 
in simple claws. Some of 
the species of the genus 
Pen@us, belonging to the 
family Peneide, attain a 
large size in tropical seas, 
and form an important | 
article of commerce. Nearly ~ 
allied is the little Spongicola 
venusta, which makes its 
home in glass-sponges. In this neighbourhood may be 
placed the anomalous family, Sergestid@, in which the 
gills are impoverished or lost, while the first pair of 
trunk-legs, and sometimes the : 


LONG-NECKED SHRIMP 
a, ventral nerve-cord ; 2, heart 


project into the water, and are but rarely concealed 
in a chamber. The eggs are carried by the female 
beneath the trunk, and are frequently protected by 

the development of a pouch. 


second, are simple, the chele f= 
of the third are minute, 
and the fourth and fifth pairs 
are feeble, rudimentary, or 
absent. To this family belongs |. 
the genus Leucifer, remarkable | © 
for having the eyesand antenne | 
supported at the end of a long 
neck which extends in advance - 
of the mouth. The gills are |: 
absent, respiration being | 

effected by means of the | 
general integument, which is 7. 
so thin that the internal organs 
can be seen. In the figure the 
dark line (m) is the ventral 
nerve-cord, which throws out 
finer branches from ganglionic 
swellings in each of the seg- 
ments ; (h) is the heart, while |. 
immediately below the latter | 
isthestomach, passing forwards | | 
into the gullet and backwards | 

into the intestine. 


SCHIZOPODS 


The name of Schizopoda is 
applied to a group nearly allied 
to the long-tailed decapods, 
the chief difference between 
them being in the fact that in 
the present order the eight 
thoracic limbs are similar in structure, each being 
pediform and provided with.a distinct exopodite on the 
second segment. The gills, which are attached either 
to the thoracic or abdominal appendages, generally 
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1 The order contains several 
families embracing a large 
number of mostly marine 
forms, some of which occur at 
great depths. 
| Of the British species, the 
-, finest is Nyctiphanes norvegica, 
/ which forms an important part 
of the food of herrings. It has 
luminous organs on the thorax 
and abdomen, and when 
swimming in a glass vessel, in 
a darkened room, appears like 
a flash of light. The young, as 
. in all the members of the family 
_ Euphausiide, are hatched in 
' the mnauplius stage. Most 
schizopods are small, but 
species belonging to the genera 
_ Lophogaster and Gnathophausia 
-. measuring as much as six inches 
in length have been obtained. 
To the family Mystde@ belongs 
the genus Myszs, or opossum- 
_sbrimps, among which is M. 
veheta from certain lakes in 
| Northern Europe. Into these 
, lakes the species is presumed 
to have entered while they 
_ were connected with the sea, 
a supposition borne out by 
the fact that it is nearly 
related to M. oculata, now living in the Arctic Ocean. 


STOMATOPODS 


The mantis-shrimps (Squillid@) of the order Stoma- 

- topoda, which owe their name to the 
resemblance that their seizing limbs bear 
to those of the insect mantis, are 
abundant in tropical seas, where they 
sometimes reach a large size. Although 
bearing a general likeness to the long- 
tailed decapods, they may be recognised 
by certain prominent characters. A 
glance at the accompanying figure will 
show that the carapace is so short as 
to leave the hinder segments of the 
thorax uncovered, and, since the gills 
are attached to the abdominal limbs, 
it forms no branchial chamber. Only 
three pairs of limbs are modified into 
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COMMON AND PILL WOOD-LICE 
jaws, these being the mandibles and two pairs of 
maxille. The remaining eight pairs of thoracic limbs 


are foot-like, the large prehensorial pair corresponding 
to the second maxillipedes of a decapod. 

Two kinds of mantis-shrimp are occasionally met 
with in the English Channel, namely, Squilla des- 
marestti and S. mantis. The former is not uncommon 
along the shallower parts of the shores of Jersey, but 
as it lives in deep burrows among the roots of sea-grass, 
in a zone never uncovered by the tide, its appearance 
is infrequent. 

CUMACEA 

We now come to the Edriopthalmata, the second 
great series of the Malacostraca, in which the compound 
eyes are generally sessile, and never mounted on 
movable stalks. As a rule, the last seven segments 
of the thorax are not covered by the carapace, and 
the last four are always free. The first order, Cumacea, 
is in many respects intermediate between the typical 
members of the last and present series, the thorax 
being larger and broader than the abdomen, while the 
carapace covers all but the last five segments. The 
front ‘ay of the carapace are produced to meet in 
a kind of beak in front of the head, and the eyes are 
generally united in a single cluster of ocelli. None of 
the thoracic limbs are prehensile or chelate. The first 
five segments of the abdomen have no appendages in 
the female, although such limbs are present in the 


male. In the sixth segment appendages are present 
in both sexes, and form a fork-like termination to the 
body 


Two of the best-known genera of the group are Cuma 


and Diastylis. The order, however, is relatively a 
small one, containing only a little over a hundred 
species. .It has, nevertheless, a wide distribution, 


forms being met with in shallow and deep water in 
all seas, although the Arctic Ocean produces individuals 
of the largest size and in the greatest abundance. 


ISOPODS 
Unlike the last, the second order of the series 
(Isopoda) exhibits great diversity of structure. As a 


rule, the posterior seven segments of the thorax are 
free, and at least the first three, and generally the first 
five, segments of the abdomen are short and sometimes 
fused together, while the sixth is the largest, and bears 
the telson and a pair of appendages. The other 
abdominal appendages usually overlap, and are modified 
to act as gills. The seven thoracic limbs are generally 
large, and perform the function of walking or swimming 
organs, while the posterior five pairs at least have no 
exopodites. 

There are four pairs of jaws- 
two pairs of maxille, and one pair 


narnely, the mandibles, 
of mavxillipedes. 


HARMSWORTH NATURAL HISTORY 


Although there are many exceptions, it may be said 
that, as a rule, the body is broad, short, and flattened. 
Corresponding to the structural variations, the isopods 


exhibit great diversity of habits and habitat. Most 
are marine, occurring in shallow waters or at great 
depths. Some live in fresh water, others on land, while 


others have taken to a parasitic life, and have thus to 
a great extent lost the characters of the order. 

Of the five tribes, the Valvifera have the posterior 
pair of abdominal appendages, or uropods, transformed 
into valves or flaps, covering part of the lower surface, 
and constituting a chamber for the gills. The tribe 
contains two families, the Avcturide and Idoteide. 
The former are distinguished by their slender cylin- 
drical shape, long lower antennz, and the length of the 
fourth thoracic segment, which separates the posterior 
three pairs of thoracic legs from the anterior pairs by 
a wide space. The anterior thoracic feet are slender 
and hairy on the inner side, while the posterior feet 
are strong and prehensile, and enable the animal to 
fix itself to the branches Of corallines. 

In the Idotetd@ the body is longish and narrow, the 
thoracic segments being all of about the same size and 
shape, and their appendages short, stout, and used for 
walking. The anterior segments of the abdomen are 
short, and the posterior fused into a caudal shield. 
The species of the genus Jdctea live in shallow water, 
and frequent places “where there is an abundance of 
decomposing seaweed. They are essentially carnivorous, 
feeding on dead fish, worms, and molluscs. 

The tribe Flabellifera contains a part of marine 
species, in which the abdomen terminates in a tail-fin, 
formed as in the macrurous decapods from the telson 
and» the limbs of the last segment. There are too 
many families to mention, but some of the character- 
istic forms are shown in the accompanying illustrations. 
In the genus Sevolzs, which alone represents the family 
Serolide, the body is depressed and broad, the segments 
of the thorax being furnished with long pointed 
sideplates, which impart to the animal a superficial 
resemblance to a trilobite. The legs and two pairs of 
antenne are long. 

It is stated that the Serolide ‘ 
on sandy ground, into which they 
flat bodies up to the caudal plate. Their nourishment 
appears chiefly to consist of the organic materials 
distributed in the fine sand, diatomacea and organic 
detritus. Their locomotion is carried on less by 
swimming than by backward movements on the sandy 
ground, wherein the widely separated feet are used as 
a point of support.”’ Thespecies figured (S. bromleyana) 
is the largest, and has been taken at a depth of nineteen 
hundred and seventy-five fathoms. Inthe Spheromide 


‘ live by preference 
burrow with their 
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FISH-LICE AND 


the convex body is capable of being rolled into.a ball 
Several species of Sphevoma occur on. the coasts of 
Britain, and may be found, sometimes in numbers, 
sometimes isolated, beneath stones or amongst seaw eed 
at low water. 

FISH-LICE AND ALLIES 

The next family (Gnathiide) contains the genus 
Gnathia, in which the males and females are so dis- 
similar that they were referred to two families. In 
the adult male the mandibles are powerful and pro- 
minent, and the head is large, squared, and at least 
as wide as the thorax. In the adult female, on the 
contrary, the head is small and triangular, without 
visible mandibles, and the thorax is much dilated. 
Many species are known from the European coasts, 
and one has been obtained at a depth of nine hundred 
fathoms. Belonging to this tribe, but representing 
a family by itself, is Limnoria lignorum, known to 
fishermen as the gribble, which is a persistent destroyer 
of submerged wood. The creatures are about one- 
sixth of an inch long, and of an ashy grey colour; and 
the destruction they bring about is due to their habit 
of boring into timber below water-mark. They are 
vegetarians, and feed on the wood which they excavate. 

The members of the group known as fish-lice are 
mostly of large size, the body being longish and oval, 
and the antenne fixed on the front of the 
head, which bears in addition two large eyes. 
The anterior three pairs of thoracic limbs 
are stout and prehensile, terminating in 
strong curved claws, while the posterior four 
pairs are longer and thinner, and adapted 
for crawling. By means of their powerful 
fore feet the Cymothotde@ attach themselves to 
both marine and fresh-water fish, and havea 
liking for the inside of the mouth of their hosts. 

Another tribe is the Epicaridea, the 
members of which live parasitically upon 
other crustaceans. The form of the body in 
the female is, as a rule, distorted and unsym- 
metrical; but the smaller males are sym- 
metrical, and are usually found adhering to 
the females. No group of crustaceans seems 
exempt from the attacks of these parasites, but it is 
said that each species has its peculiar kind. 

The best-known example of the tribe Asellota is 
Asellus aquaticus, distributed in fresh-water ponds 
and ditches all over Europe. The creature is of a 
greyish colour, mottled with paler markings ; and the 
male, which is longer than the female, measures about 
half an inch long. The body is long, narrow in front, 
with a small head, and the antennz of the second 
pair are about as long as the body and head taken 


SPINY SHRIMP 


SPHA ROMA 


WOOD-LICE 


FRESH-WATER SHRIMP 


together. The seven segments of the thorax are free 
and of large size, but those of the abdomen have 
coalesced into a plate, from the end of which the long, 
slender, forked uropods project. The seven thoracic 
limbs are long, slender, and increase in length from the 
first to the seventh. 

WOOD-LICE AND ALLIES 

The tribe Oniscoidea contains the wood-lice, in which 
the abdominal appendages are modified for breathing 

air. Like all crustaceans that have adopted 
| a terrestrial life, they seem able to live orly 
| in air saturated with moisture. The body is 
.| usually broadly oval, convex above, and flat 
| or hollow beneath, widest in the middle, and 
gradually narrowing towards the head and 
tail. The head is small, but the thorax large 
and seven-jointed, the abdomen being short. 
Representatives of this tribe are found in all 
quarters of the globe. A familiar British 
species is the sea-slater (Lig7a cceanica),a large 
species living amongst the stones and rocks 
upon the coast above high water. The creature 
, 1s nocturnal, and unless disturbed is not often 
‘| seen during the day, but issues from the cracks 

and clefts of rocks in numbers at night. 

More obtrusive are the common wood-lice 
Porcellio scabey and Oniscus asellus, the former dis- 
tinguishable from the latter by its duller colour and the 
granules upon itssegment ; Oniscus being smooth and 
more or less variegated. Both these are rather fiat, and 
incapable of rolling up into a ball; but the pill wood- 
louse (Armadillidium vulgare) has the dorsal surface 
more convex, and when handled rolls up into a ball. 

In addition to its rounder shape, the pill wood-louse 
may be recognised by the fact that the appendages of 
the last abdominal segment (the uropods) do not pro- 
ject like a couple of small tails from the hinder end of 
the body. Members of this group, differing but little 
from the species described, are widely ‘distributed 
in all temperate and tropical parts of the world. 

The tribe Phreatoicidea contains the genus Phreato- 
tcus, of which two species—both inhabiting fresh 
water—are known, one from New Zealand, and the 
other from Australia. The body is long and laterally 
compressed, the seven thoracic appendages are well 
developed, and the first is sub-chelate, as in many 
Amphipoda, and the abdomen consists of six distinct 
segments, with the gills attached to its appendages. 

The last tribe, C helifera, containing the genus Tanais 
and others, approaches the next order, and is distin- 
guished by having the first pair of appendages following 


the jaws—that is, the second maxillipedes—pincer- 
like. It further differs in that the abdominal limbs 


are used rather for swimming than for respiration, and 
the breathing-chamber is situated in the posterior 
portion of the thorax. 
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AMPHIPODS 

The amphipods (order Amphipoda) are allied to the 
isopods, but the maiority are recognisable by having the 
body narrow and flattened from side to side, instead of 
broad and flattened below. Moreover, the 
gills are attached to the thoracic feet, and 
the latter, instead of being broad, leaf- 
like, and overlapping, are foot-like, elon- 
gate, and used for leaping or swimming. 
In the suborder Gammaridea the eyes 
are mostly of small size, and seldom 
prominent. The head does not coalesce 
with the first segment of the thorax, 
and the maxillipedes have a distinct 
palp ; the abdomen being well developed 
and bearing appendages. The form of 
the body is shown in the illustrations 
of the fresh-water shrimp (Gammarus 
pulex) and the sand-hopper (Talitrus 
Jocusta). The latter lives near the edge 
of the sea, beneath seaweed or other 


the former the thorax is cylindrical, and the abdomen, 
with its limbs, rudimentary. In the typical Caprella 
the third and fourth thoracic segments are without 
legs, but bear a pair of branchial vesicles ; the append- 
ages of the second pair are developed 
into clusters, and those of the three last 
pairs are of the ambulatory type. These 
shrimps seldom swim, but climb amongst 
the branches of seaweeds and zoophytes. 
When at rest, they grasp the stems of 
the weeds with their hind lhmbs, and, 
holding the body in an erect position 
wave their long antenne in search of 
prey. In the whale-lice, which live 
parasitically upon cetaceans, the short 
and conical head is united to the first 
segment of the thorax, which consists 
of six free, flattened segments. As in 
Caprella, the third and fourth segment 
of the body bear no limbs, but are 
furnished .with a pair of gills, usually 
turned over the animal's back. In the 


substances which prevent the evapora- 
tion of the moisture from the sand. 
Sand-hoppers usually progress on land 
by leaps; and although some nearly 
allied forms are found far from the sea, the majority 
of the Gammaridea are marine, swimming by means 
of the constant play of their abdominal appendages, 
and, when thrown on the land, wriggling helplessly 
along on their 
Ske Sit eee 
fresh-water 
shrimp is com- 
mon in the 
streams and 
ditches of 
Europe. Dur- 
ing the cold 
months of the 
year they 
bury  them- 
selves in the 
mud, but 
emerge from 
their winter-quarters on the first warm days of spring. 

Among deep-water forms, perhaps the most note- 
worthy are Acanthechinus tricarinatus and Andanta 
gigantea. The former has developed a spiny process 
at almost every possible point, each 
of the principal segments bearing 
three large and pointed spines, which 
have their edges armed like the 
blades of a saw. Very different is 
Andania, which is one of the largest 


PHRONIMA 


amphipods, reaching a length of 
2 inches. _ Many .members of the 


group construct tubular dwelling- 
places, in which they take shelter, 
and lay their eggs. For instance, the 
British Amphitha vubricata, which 
is a brilliant crimson colour, builds 
a nest of particles of seaweed cement- 
ed together with threads; while 
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female these segments carry beneath 
them plates, forming sacs for the eggs. 
The ,second, fifth, sixth, and seventh 
segments: are provided with short limbs, terminating 
in a sharp, pointed segment, which closes against the 
enlarged penultimate segment as the blade of a pocket- 
knife closes on its handle. By means of these chelate 
appendages 
the animals 
fasten them- 
selves to the 
skin of ceta- 
ceans, thrust- 
ing their sharp 
claws into the 
epidermis, and 
adhering so 
firmly as to be 
able to with- 
stand) the 
dash of the 
waves. 

The members of the tribe Hyperina differ from the 
last by the larger size of the head, the more prominent 
eyes, and the absence of a palp on the maxillipedes. 
To this tribe belongs the large Cystosoma, a pelagic 
animal, probably retiring during the 
day to a considerable depth, but 
occasionally coming to the surface. 
The animal is colourless and trans- 
parent, so that by transmitted light 
the internal organs can be seen. 
The head is large and inflated, with 
its upper surface occupied by two 
enormous eyes. The genus Phronima 
also. contains species attaining a 
considerable size, examples of the 
European P. sedentarvia exceeding an 
inch in length. As in Cystosoma, 
the second pair of antenne is 
obsolete ; the head is large, with the 


WHALE-LOUSE 


another species of the same genus eyes placed upon its summit. There 
(A. littorina) makes a tube by cement- are seven pairs of large thoracic 
ing together the edges of a leaf appendages, the third from _ the 
of growing weed, so as to make GIGANTIC ANDANIA end forming a large and_ strong 
a tube open at both ends. pincer. 


In the tribe Caprellina the head has coalesced with 
the first segment of the thorax, and the abdomen is 
reduced in size, with most of its appendages wanting. 
The two principal families are the Caprellide, or 
skeleton-shrimps, and the Cyamide, or whale-lice. In 


The species are widely distributed, although most 
abundant in the tropics. Like many pelagic animals, 
they are translucent, and mostly live in the mantle- 
cavity of the ascidians Pyrvosoma and Doliolum, where 
the eggs are laid and the young hatched. 
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LEPTOSTRACA 


To a certain extent connecting the Malacostraca 
with the Entomostraca is a group of crustaceans 
known as the Leptostraca, and containing the three 
recent genera Nebalia, Nebaliopsis, and Pavanebalia, 
and a number of fossil forms. The affinities of the 
group seem to le with the 
phyllopods on the one hand, 
and the schizopods on the 
other. The body is laterally 
compressed, and the whole 
of the cephalothorax and 
the first foursegments of the 
abdomen enveloped in a 
carapace, which springs from 
the head, and is formed of 
two movable valves, closed 
by amuscle. Although the 
eight thoracic segments are 
overlapped by the carapace, 
they are distinct and mov- 
able. The abdomen consists 
of eight movable segments, 
OGastwor Im excess, (of the 
normal number; but there 
are only nineteen pairs of 
appendages. The head bears 
a small, movable restrum and 
a pair of stalked eyes. The 
two pairs of antenne are 
well developed, and there are 
three pairs of jaws. The 
appendages of the thorax 
are foliaceous. The members 
of this group are marine, 
and widely distributed, being 
found in cold and warm latitudes. The female carries 
the eggs attached to her thoracic feet. 


ENTOMOSTRACA 


The crustaceans of the subclass Entomostraca are 
small, and vary much more than the Malacostraca, 
from which they differ in the following features. The 
number of body-segments is not constant, but either 
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TRANSPARENT OCEAN-SHRIMP 


greater or less than nineteen, and, as a rule, there are 
no appendages to the ‘abdomen. In the majority of 
cases the young are hatched as a nauplius. 


CIRRIPEDES 


The adult members of the order Cirripedia are so 
unlike typical crustaceans that it can hardly be a 
- . reproach to the older natural- 

ists that they failed to 

discover their affinity. Two 
well-known members of the 
order are the barnacles so 
frequently attached to the 
bottoms of ships or floating 
timber, and the  acorn- 
barnacles covering the rocks 
on the coast. The barnacle 
(Lepas) consists of a tough 
longer or shorter stalk, one 
end of which adheres tightly 
by means of a cement to 
the timber or ship, while 
to the other is attached an 
oval compressed body en- 
cased in pieces of shell, 
through two of the valves 
of which can be protruded 
six pairs of slender, bristly, 
two-branched, filamentous 
limbs. These limbs, being the 
appendages of the thorax, 
keep up a constant sweeping 
motion, whereby particles 
of food are washed into 
the mouth that lies below 
them. The abdomen is 
undeveloped ; but the rest 
of the body is enveloped in a fold, or mantle, supporting 
the outer shelly skeleton. The jaws consist of two 
pairs of maxille and a pair of mandibles, and the 
lower part of the head is inferiorly continued into the 
stalk, which contains the gland secreting the cement. 
If a barnacle be carefully removed from its point of 
attachment, the remains of the first pair of antenne 
may be observed on the adhesive surface. 
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When first hatched, the young are in the nauplius 
stage, being furnished with a median eye, and three 
pairs of appendages, of which the posterior two are 
branched. After swimming for a while by means of 
these appendages, the larva moults several times, and 
passes into a second stage, in which, with its two eyes 
amd compressed carapace, it resembles a Daphnia. The 
rudiments of the six pairs of thoracic 
legs appear behind the mouth, and the 
first pair of swimming appendages 
become antenniform, each being provided 
with a sucker. . By means of these 
suckers the. larva fixes itself to its 
permanent resting-place, and the cement- 
gland, pouring out its secretion, glues 
the creature firmly to its point of 
attachment. Hence it follows that the 
fixed end-.of-the. stalk is the front 
extremity of the body. In the allied 
stalkless barnacle (Megalasma) the shell 
is attached directly to the support. 

We are thus. led on to the acorn- 
barnacles (Balanus), in which the entire 
animal is enclosed in a shell formed 
originally of six pieces, which grow into a tube of 
variable length. Some of the latter group (Balanid@)— 
namely, the genus Coronula, or coronet-barnacles— 
attach themselves to the skin of whales. The burrowing 
barnacle (Tubicinella) has the same instinct. When 
adult it is long and cylindrical, consisting of a stout 
stony rod, marked with a series of annular ridges. This 
is buried deeply in the skin of whales, sometimes 
penetrating so far as 
the blubber. 

These cirripedes are 
not true parasites, inas- 
much as they do not ex- 
tract nourishment from 
the animal to which 
they are attached; but 
many members of the 
group live exclusively 
upon other living beings, 
and nourish themselves 
at their expense. One 
form, for instance, Pro- 
teolepas, is, in the adult 
condition, a maggot- 
shaped, limbless, shell- 
less body, living within 
the mantle-chamber of 
other members of the 
same order; while the 
root- headed cirripedes 
(Rhizocephala) live para- 
sitically upon the higher 
crustaceans. They are 
degenerate forms, 
possessing neither ap- 
pendages nor segments, 
the body being a mere 
sac, devoid of alimen- 
tary canal, and absorb- 
ing nutriment by means 
of «the root-like 
processes branching throughout the body of the host. 


OSTRACODS 


The order Ostracoda is a small assemblage, charac- 
terised by the possession of a bivalved shell, formed from 
the right and left halves of the carapace, and furnished 
with an elastic hinge to separate the valves and a 
muscle to keep them shut. The shell encloses the body, 


COPEPODS 


a, female cyclops with egy-sacs; 4, ¢, 
nauplius and later larvae of same 


FISH-LICE 
a, lerneonema ; Bb, brachiella;'c, pennella; @, hamobaphes ; ¢, caligus 


which is unsegmented, has a rudimentary abdomen, and 
bears seven pairs of appendages—namely, two pairs of 
antenn, three pairs of jaws each belonging to the head, 
and two of limbs attached tothe thorax. These limbs, 
however, are stout and narrow, and, as a rule, there are 
no special respiratory organs. 

Ostracods occur both in fresh water and the sea, 
the best-known forms being Cypris and 
Cythere. The former contains species 
found in ditches and ponds in England. 
When the waters in which they live dry 
up, the species of Cypris bury them- 
selves in the mud until rain falls, the 
eggs, which are spherical, being attached 
to aquatic plants. The species of Cythere 
are mostly marine, haunting rocky pools 
on the coast, and crawling among the 
seaweed. In Cypridina, on thecontrary, 
which is also marine, the animals dart 
about with velocity, the females carrying 
their eggs between the valves of the 
shell attashed to their feet. 


COPEPODS 

In the free-living members of the order 
Copepoda the body is elongate and segmented, the 
thorax bears four or five two-branched swimming-feet, 
and the abdomen is without appendages. A common 
fresh-water form is Cyclops, the structure of which 
serves as a type of that of the o:cer. The body is 
broad in front and tapering behind, being thus pear- 
shaped in outline. The normal five pairs of head- 
appendages are well developed, the first pair of antenne 
being long and acting 
as oars. The dorsal 
elements of the head are 
fused to form a cara- 
pace, which bears a 
single eye in front and 
is behind united to the 
first thoracic segment, 
the remaining five of 
this region being free. 
The abdomen consists of 
four narrow cylindrical, 
limbless segments ; but 
the last bears a pair 
of processes severally 
tipped with a tuft of 
four long bristles. 

The eggs are carried 
by the mother in a 
couple of oval sacs 
attached to the last 
segment of the thorax, 
and so prolific are these 
creatures that a female, 
it has been calculated, 
will in a year produce 
over four thousand 
million young. The 
young, when hatched, is 
an oval nauplius (b in 
the figure), which 
gradually acquires the 
characters of the adult. 
Closely resembling the preceding is the marine Cetochilus, 
which is devoured in large quantities by whalebone 
whales. These crustaceans are of a bright red colour, 
and when seen in myriads give the sea the appearance 
of being stained with blood. 

The copepods hitherto noticed are spoken of as the 
Eucopepoda, but we now come to a number of genera 
which have taken to a parasitic life, these Epizoa, or 
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CLADOCERA 


Parasitica, being strangely unlike the higher forms. As are passed into a brood-pouch, separating the upper 
one of the least modified types, may be mentioned the surface of the thorax from the backward extension of 
carp-louse (Argulus). Of the more degenerate types, the carapace. Here the summer eggs hatch, but the 
the structure is exemplified in the annexed figure. In winter set are enclosed ina kind of capsule developed 
these the body may be broad and flat, as Caligus (e), from part of the carapace. This capsule, called the 
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frequently found upon codfish and brill, or long and = ephippium, is cast off with the next moult of the mother’s 
worm-like, as in Leryng@onema and Pennella (a and c), integument. Another type is the glassy Leptodora 
the former being:a common parasite on herring and hyalina, so called on account of its semi-transparency, 
sprat, while in Lernea (the gill-sucker) to which Hemo- which inhabits the open water or fresh-water lakes. The 
baphes (d) is allied, the body isswollen and twisted. The — shellisso much reduced as scarcely to envelop the animal. 
two long processes represented in the figures 
projecting from the posterior end of the body 
are the egg-sacs. The appendages of the head 


PHYLLOPODS 
Some of the members of the order Phyllopoda 


and thorax are either absent or converted into are relatively large, the body being long and com- 
adhesive organs. posed of a great number oi segments, of which 
the thoracic, and sometimes the abdominal, are 

CLADOCERA furnished with leaf-like gill-bearing appendages.. 


The members of the order Cladocera take 
their names from the large and branched 
antennz, which serve as swimming organs. 
They are all small, and the carapace forms a 
bivalve shell enclosing the greater part of the 
body, this carapace being an extension of the 
dorsal surface of the head-segments. An 
example of the order is the water-flea (Daphnia 
pulex), of which Acanthocercus, represented in 
the middle figure above, is nearly allied. Here 
the body is narrowed in front, and at the 
posterior end, where the carapace (S) is deeply 
notched, is the tip of the abdomen (C), bearing 
the pair of rigid barbed sete, from which the 
genus takes its name. At the front of the 
head (A) is a large compound eye (QO), and 
the branched and plumed appendages pro- 
jecting from beneath the sides of the head are 
antenne (R, T). The first pair of antenne are 
small and simple. The jaws consist of the , 


In the family Apodide, containing the 
genera Apus and Lepidurus, the anterior end 
of the body is covered with a carapace, pro- 
jecting from the head over the free segments 
of the thorax. The hinder border of this 
carapace is deeply cut out, and near its front 
end there is a pair of contiguous compound 
eyes. The mouth is bounded in front by a 
large upper lip and behind by a deeply cleft 
metastoma, or lower lip. Both pairs of antenne 
are short. The jaws consist of a pair of 
mandibles and two pairs of maxillz-; these are 
followed by eleven pairs of thoracic limbs, and 
there are appendages on the abdomen, some- 
times numbering as many as fifty-two pairs. 
The last segment of the abdomen bears a 
pair of long filaments, and sometimes, as in 
Lepidurus, a distinct caudal plate. These 
: crustaceans occur in the fresh waters of most 
male of Branchipus COUNtries. They swim on their backs, using the 
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mandibles and the first pair of maxilla, the grubei; 4, female of legs as paddles ; and the eggs are capable of 


i ; ; Pu Ba pnubelsscwmepale Of Coe Sone her 
second pair of maxilla being obsolete in the rect surviving long periods of drought. 


adult. The thorax comprises five segments, _ In the second family—the Branchipodide— 
each bearing a pair of leaf-like swimming-limbs. The _ the body is also elongate, but there are no appendages to 
abdomen consists of three segments, and is limbless. the abdomen, which consists of nine segments, while there 


The males of Acanthocercus are smaller than the are eleven pairs of thoracic appendages. These forms 
females and much rarer, being generally met with in the likewise swim upside down. Some (Branchipus) occur in 
autumn. Eggs are laid both in summer and winter, and fresh waters, but others (Artemia) prefer briny pools. 
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CLASS ARACHNIDA—SCORPIONS, SPIDERS, AND MITES 


HE rest of this work will be occupied with a review 
of the air-breathing arthropods, or Tracheata, which 
are adapted, for the most part, to a life on land. The 
present class, though not the least specialised, is first 
considered because in all probability it is most closely 
allied to the gill-bearing arthropods already described, 
especially to the king-crabs and some of their extinct 
allies, which are often included in the Arachnida. 
Indeed, it seems probable 
that the existing king-crabs 
are in many ways similar to 
the ancient aquatic stock 
from which scorpions and the 
like have taken origin. The 
whole question is at ex- 
tremely difficult one, sand 
involves elaborate  ana- 
tomical details, the discus- 
sion of which would be out 
of place in the present work. 
It will be convenient, in 
order to give a preliminary 
idea of the nature of arach- 
nids, to describe briefly the 
chief characters of a 
scorpion. As will be seen 
from the figure, the body is 
obviously made up of rings 
or segments, those towards 
the front being closely united 
together. We can distinguish 
between three regions of the 
body: (1) the head ; (2) the 
leg- bearing thorax; and 
(3) the extensive abdomen 
devoid of obvious limbs. The first two are intimately 
united into a region known as the cephalothorax. 

The head bears two pairs of appendages, there being 
a small pincer (cheliceya) on each side of the minute 
ventral mouth, and behind this a pair of large pincer- 
claws (pedipalps), the bases of which work against each 
other, and serve as jaws. The hinder part of the 
cephalothorax bears four pairs of walking legs, as 
against the three pairs of an insect. This part of the 
body is provided with a pair of large eyes near the middle 
line, and a number of smaller ones near the front margin. 
Though fairly complex in structure, the eyes are not 
very efficient, which may be correlated with the fact 
that scorpions are nocturnal animals. 

The abdomen consists of an anterior broader part, 
made up of seven segments, and a narrow, tail-like 
posterior part composed of five. To the tip of the latter 
is attached a swollen, sharply pointed sting, on the 
end of which opens a poison-gland, secreting a fluid 
that easily kills small vertebrates, insects, centipedes, 
and spiders, upon which the animal chiefly feeds, not 
chewing them, but sucking their juices. This is effected 
by the alternate expansion and contraction of a mus- 
cular pharynx serving as a suction-pump. To the under 
side of the first abdominal segment is attached a sort of 
flap known as the operculum, which is not infrequently 
double, and represents a pair of appendages fused 
together. Behind it, on the second abdominal segment, 
are a pair of curious comb-like structures (pectines), 
which may be regarded as organs of touch. 

The entire body of a scorpion is invested in a horny 
coating, comparable to that of a higher crustacean, 
except that it is not impregnated with salts of lime. 
Its firm nature necessitates special breathing organs, 
and these consist of four pairs of lung-books, opening 
by narrow slits on segments three to six of the abdomen. 
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SCORPION 


lower surface of abdomen, show- 
ing combs and stigmata 


A section through one of them shows the presence of a 
number of thin, flat projections resembling the leaves of 
a book, and the blood circulating in these is purified 
by the surrounding air. The floor of the lung-book has 
been compared to an appendage that has fused with the 
body, and the whole structure may perhaps be con- 
sidered equivalent to the gill-bearing appendage of a 
king-crab, sunk in the body, and adapted to air- 
breathing. 

Arachnids are divided into the following seven orders : 
(1) Scorpions, Scorpiones ; (2) Whip-scorpions, Pedi- 
palpi; (3) Spiders, Aranee; (4) False Spiders, Soli- 
fuge ; (5) False Scorpions, Pseudo-scorpiones ; (6) 
Harvestmen, Opiliones ; (7) Mites and Ticks, Acari. 


SCORPIONS 

Scorpions have a very wide distribution south of 
40 deg. N. lat. in the Old World, and 45 deg. N. lat. in 
the New. They are absen®from South Patagonia, New 
Zealand, and the Antarctic region. They differ greatly 
in size, 8 inches in length being the maximum. The 
largest are native to South India and Tropical Africa, 
and one of the latter (Scorpio viatoris) is figured. 
Scorpions lurk during the day in all sorts of dark 
crevices under stones, or it may be bark, and some of 
them dig small pits in the ground as hiding-places. _ 

Certain scorpions are able to make a rasping noise 
by rubbing together the roughened bases of some of 
the limbs, these being the pedipalps and first legs in 
the case of the 
large black rock- 
scorpions. 


WHIP- 
SCORPIONS 


The members of 
the order Pedipalpi 
are widely dis- 
tributed in South 
Asia, Africa, and 
the tropical parts 
of America. AI- 
though some of 
them are somewhat 
scorpion-like in 
appearance, they 
differ in many ways 
from true scorpions. 
The chelicere do 
not end in pincers, 
the pedipalps are 
strong seizing 
organs of varying 
character, and the 
first pair of legs are 
converted into 
feelers, which may 
be of considerable 
length. 

In the whip- 
scorpions proper, of 
which a typical 
species is figured 
(Thelyphonus cau- 
datus), and which are native to South Asia and the 
East Indies, the tail is drawn out into a slender whip- 
like thread, the pedipalps end in pincers, and the first 
pair of legs are not greatly modified as feelers. 

The order also includes forms devoid of a whip-like 
appendage, as seen in the species represented (Phrynus 
venifoymis), which is native to Tropical America. The 
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TRUE SPIDERS 


WHIP-SCORPION 
greatly elongated pedipalps are not provided with 
pincers, but the last joint is a curved spine which can 


be turned down like the blade of a pocket-knife. The first 
pair of legs are transformed into very long,slender feelers. 


TRUE OR WEB SPIDERS 


Spiders (order Aranez) con- 
stitute a large, clearly defined 
group, of wide distributioh. They 
possess a rounded abdomen, which 
is generally soft, and marked off 
by a well-marked narrowing from 
the cephalothorax. Its segments 
are, aS a rule, so intimately fused 
together as to show no traces of 
segmentation. The chelicere are 
short, and, like those of Phrynus, 
devoid of pincers, but with a curved 
end-joint that can be folded back, 
and upon which a poison-gland 
opens. The pedipalps are in the 
form of short feelers. Breathing 
is effected by two pairs of lung- 
books, orin the majority of cases 
by one pair of these structures 
supplemented by special air-tubes 
(tvacheg@), suchas are characteristic 
of the orders of Arthropoda to be 
described subsequently. On the 
under side of the abdomen, usually 
far back, are from two to six 
small, blunt projections, the spin- 
nerets, from which exudes a sticky 
fluid that hardens into the slender threads commonly 
associated into webs. The eyes are usually eight or six 
in number. 

Of the members of this order Mr. Cecil Warburton 
remarks: ‘‘It is perhaps unfortunate that the obtru- 
siveness of particularly unattractive specimens of the 
race has always caused spiders to be regarded with 
more or less aversion. This prejudice can hardly fail 
to be modified by a wider acquaintance with these 
animals. There are certainly few groups which present 
points of greater interest in respect to their adaptation 
to special modes of life and the ingenuity displayed 
in the construction of their nests and the ensnaring of 
their prey. Spiders are wingless, yet they may often be 
observed travelling through the air. They are air- 
breathing, yet many are amphibious in their shabits, 
and one species, at least, spends the greater’ part of 
its existence beneath the surface of the water. On land 
they may be found in all imaginable localities which 
admit of the existence of that insect life on which they 
depend for food.” er 

The original use to which the power of spinning was 
put appears to have been the construction of a cocoon, 
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ANATOMY OF COMMON CROSS-SPIDER 


1, foot with claws and hairs ; 2, mandible with poison-gland 
and duct; 3, face and jaws; 4, spinning mammille : 5, one 
of the spinning papilla 
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in which the eggs are sheltered ; while the lining with 
silk of a burrow, as in the trap-door spiders, and the 
construction of webs or snares were probably further 
stages in adaptation. In cases where the female has no 
settled home, constructing no web, but wandering about 
in search of prey, the cocoon is often carried about for 
safety, as in the figured specimen of a wolf-spider 
(Parmosa amentata). 

Perhaps the most interesting use to which the spin- 
ning power is put is in the formation of “‘ gossamer’”’ 
threads by young spiders of various kinds. Probably 
the word gossainer was originally “‘ goose-summer,”’ 
in allusion to the fact that these floating threads are 
most abundant at Michaelmas, when geese are largely 
slaughtered. A young spider desirous of aerial transit 
raises its abdomen into the air, and spins a line, which 
is blown out by the wind until long enough to bear the 
spinner away. Regarding this performance Professor 
Krieghoff speaks as follows : 

“Webs not only enable spiders to secure their prey, 
but also serve as a means of locomotion. In autumn 
young spiders begin to disperse 
themselves, casting out in any 
desired direction threads of such 
wondrous fineness as only to be 
visible in sunlight. By clinging 
to these with legs drawn in, these 
daring aeronauts are able to 
traverse considerable distances. 
The object of this procedure is 
probably to reach suitable winter 
quarters, as their weakness unfits 
them for the struggle for existence 
with older and stronger relatives 
in the original home. And by 
this instinct they unconsciously 
increase the area of distribution 
of their species, and contribute 
to its preservation. 

“On fine autumn days we may 
see thousands upon thousands of 


these wind-borne gossamer 
threads, often compacted into 
thick, web-like masses, some 


sweeping through the air, some 
hanging from flowers or other 
objects, others spread out over 
meadows and stubble-fields, where, 
shining and sparkling in the 
sun like silver and diamonds, 
they produce what is known as ‘ wives’ summer’ or 
‘old wives’ summer.’ As soon as spiders emerge from 
their winter quarters in spring-time the same appear- 
ance repeats itself, though in much less degree, and is 
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then known as ‘maidens’ summer.’ a) ; ; om 
These shimmering meteors in the air, 
woven of dew and silver, are described 

by folk-lore as the cunning handiwork 

of elves, taught by Freya and Holda, 

the renowned spinners of Asgaard.”’ 

Male spiders are in many cases 
smaller than the females, and often 
brightly coloured. In some species they 
perform elaborate courtship dances, 
when these colours are*displayed to 
the best possible advantage. But the « 
love antics of a small male must. be ° a 
rather trying to the nerves, for if he : ¥, 
fails to find favour it is by no means 
unlikely that the object of his affec- 
tions may spring upon him and add 
him to her dietary. 


Two suborders of spiders are recog- SESS : a; = 


nised: (1) Segmented Spiders, Meso- 2 ; Me ee 
thele; (2) Unsegmented Spiders, , : 
Opisthothele. ; ira) te a 


SEGMENTED SPIDERS PHRYNUS RENIFORMIS 

The suborder Mesothel includes a few large spiders or Mygalide) live in the warmer parts of the world, 
native to South-East Asia. The upper side of the and are not represented in Britain. They possess four 
abdomen is clearly segmented, and presents a series of _ lung-books and four spinnerets. 4 
nine hard plates. The spinnerets are eight in The bird-eating spiders are tropical and subtropical 
number and placedin the _ a : oe ; a Sy _ forms, of which the 
middle of the under sur- ' largest are found in the 
face of the abdomen, and northern parts of South 
breathing is effected by America, and are said to 
two pairs of lung-books. be sometimes nearly as 


large as rats. One species 
UNSEGMENTED (Avicularia vestiarvia) 1s 
SPIDERS 


: figured. Large forms of 
The great majority of 


the kind were formerly 
spiders are included in included in one genus, 


the suborder Opistho- FEMALE AND MALE FIELD-SPIDERS Mygale. 
thele, the group being Speaking of such crea- 
distinguished by the absence of obvious segmentation — turesin Equatorial Brazil, Mr. H. W. Bates says: “ Many 
in the abdomen, to the hinder end of which the species of Mygale, those monstrous hairy spiders, half 
spinnerets—never exceeding six in number—are shifted. a foot in expanse, which attract the attention so much 
The bird-eating and trap-door spiders (Aviculariide, in museums, are found in sandy places at Nazareth. 
The different kinds have the most diversified 
habits. Some construct, among the tiles 
or thatch of houses, dens of closely woven 
web, which, in texture, very much resembles 
fine muslin. These are often seen crawling 
over the walls of apartments. Others build 
similar nests in trees, and are known to 
attack birds. One very robust fellow, the 
Mygale blondit, burrows into the earth, form- 
ing a broad, slanting gallery, about two feet 
long, the sides of which he lines beautifully 
with silk. He is nocturnal in his habits. 
Just before sunset he may be seen keeping 
watch within the mouth of his tunnel, 
disappearing suddenly {when he hears a 
heavy foot-tread near his hiding-place.”’ 
And again: ‘At Cameta I chanced to 
verify a fact relating to the habits of a 
large hairy spider of the genus Mygale 
in a manner worth recording. The species 
was M. aviculayia, or one very closely 
allied to it; the individual was nearly 
2 inches in length of body, but the legs 
-*! expanded 7 inches, and the entire body and 
legs were covered with coarse grey and 
reddish hairs. I was attracted by a move- 
ment of the monster on a tree-trunk ; it 
was close beneath a deep crevice in the tree, 
BIRD-EATING SPIDER across which was stretched a dense white 
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MALE AND FEMALE HOUSE-SPIDERS 
web. The lower part of the web was broken, and two 
small birds, finches, were entangled in the pieces ; 
they were about the 
size of the English 
siskin, and I judged the 
two to be male and 
female. One of them 
was quite dead, the 
other lay under the body 
of the spider not quite 
dead, and was smeared 
with the filthy liquor or 
saliva exuded by the 


monster. I drove away 
the spider and took : 
the birds, but the A B 


second one soon died.” 

The trap-door spiders 
are widely distributed, 
and include a number of South European species. 
The one figured (species of Pachylomerus) is native 
to Jamaica. These forms 
dig burrows in the ground 
and line them with silk, 
the opening of the burrow 
being closed by an earthen 
lid attached by a silk 
hinge. Lurking within the 
burrow the spider clings 
tightly to the lid, pre- 
venting it from being 
raised without the exer- 
cise of considerable force. 
The burrows of some 
trap-door spiders are 
provided with two open- 
ings to the exterior, serv- 
ing as front and back 


TRAP-DOOR SPIDER 


doors. Some species 
make their nests in trees, and one such form 
(a species of Pseudidiops) from 


Bahia, 
America, is represented in the illustra- ; 
tion. In*this case a furrow is excavated 
in the bark of a palm-tree, a silken tube 
woven in the depression, and the exposed 
surface of the tube covered with bits of 
wood and lichen to make it harmonise 
with the surroundings. 

~In the rest of the spiders to be here 
noticed there is only one pair of lung- 
books, the second pair being replaced 
by air-tubes. We may first mention a 
small kind of field-spider (Segestvia sexo- 
culata), which is dark in colour, and 
possesses six eyes. The different appear- 
ance of the male and female is shown 
in the figure. This spider constructs a 
small tubular nest in the crevice of a 
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- webs it fabricates. 
- sheet-like horizontal snare, behind which 


‘hasty exit 


of the lurking chamber to give it stability. 
of spider was no doubt the 


A, PALM TRAP-DOOR SPIDER, AND, B, ITS-NEST ; 


WATER-SPIDERS 


HOUSE-SPIDERS AND WATER-SPIDERS 


wall, and threads radiating from the 
opening of the tube to surrounding 
objects serve to ensnare prey. 


HOUSE-SPIDER 


The comnion house-spider (Tegenaria 
domestica), which is also figured, has an 
evil reputation on account of the cob- 
Each of these is a 


is a chamber in which the spider lurks. 
This possesses a back door, enabling 
should the occupant he 
molested. Grains of sand or other heavy 
particles are attached to the under side 
This kind 

commonest victim of 
medieval superstition, 
which attributed  re- 
markable curative 
powers to such creatures. 
An example is given 
by Mire Hats Elulaner: 
“When a child has 
whooping-cough, one of 
the parents should catch 
a spider and hold it over 
the head of the patient, 
repeating three times, 
“Spider, as you waste 
away, whooping-cough 
no longer stay.’ The 
spider must then be 
hung up in a bag over 
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the mantelpiece, and when it has dried up the cough 
will have disappeared.”’ 


In times when _ blood-letting, 
was a frequent practice 
cobwebs were use for 
arresting the flow of blood, 
and within recent times 
they were esteemed as a 
styptic by old-fashioned 
persons, as the present 
writer can vouch from 
early recollections. 

A larger species of house- 
spider (IT. parietina), an 
object of peculiar aversion, 
is sometimes called the 
cardinal spider, from an ob- 
cure connection with the 
name of Cardinal Wolsey. 


WATER-SPIDER 


FEMALE AND MALE CRAB-SPIDERS 


_ The water-spider (/rgyroneta aquatica), represented 
in South in the accompanying figure, is a particularly interesting 
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native species, which lives for most of its time under 
water, being enabled to breathe by a film of air that 
adheres to its hairy abdomen. It weaves a thimble- 
shaped water-tight nest, moored to water-plants, and 
filled with air brought down in successive bubbles. 
Within this the spider lays her eggs, and remains during 
winter in a dormant state. Young water-spiders often 
shirk the task of making a_ nest, 
using the empty shell of a water-snail 
for the purpose, as shown on the left 
of the figure. 


HEDGE-SPIDER 


Closely woven sheet-like webs are 
often to be found in hedges and on 
bushes in this country, and at the 
back will be found a_tube-shaped 
refuge, with a back door of escape, 
much as in a house-spider. These 
are the work of the hedge-spider 
(Agalena labyrinthica), which ranges 
through Europe and North and 
Central Asia. Among its allies are 
certain marine spiders (species of 
Desits), which are stated to live on 
coral-reefs between tide-marks, and to 
protect themselves from the sea-water 
by weaving water-tight screens in 
frontof their lurking-holes. They are 
said to feed upon small crustaceans. 


GARDEN-SPIDER 


The orb-spinners (Epeivide) are so 
called on account of the circular 
wheel-like snares they construct. Of 
these the most familiar is the garden- 
spider (Epeiva diademata), remarkable for the size and 
beauty of the webs it makes in late summer and early 
autumn. On account of a peculiar white mark on 
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the back, well shown in the illustration, it is known as 
the cross-spider in Germany. 

The method of construction of the web in spiders 
of this and allied species is a highly interesting process. 
The individual threads are not, as often supposed, 
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woven from many finer ones, although such a thread 
is fixed by a root-like bunch of excessively fine fila- 
ments—a fact that has given rise to the misconception. 
The supply of the sticky material from which the 


threads are made must be very considerable, for Mr. 
Cecil Warburton has succeeded in drawing out 100 
yards of silk from a single individual, which finally put 
an end to the experiment by breaking the thread. 

In making its web a spider first constructs a rough 
four-sided frame. Dropping from the middle of the 
top foundation line, she then makes a vertical diameter, 
climbs up to the middle of this, 
where a new line is fixed, and then, 
spinning as she goes, attaches this 
above to make a radial thread. By 
continually working from the centre, 
which is constantly strengthened, the 
spider completes the radii, or spokes 
of the wheel, so to speak. Beginning 
once more at the centre, a short spiral, 
the so-called ‘‘notched zone,” is 
attached, and then a little way out- 
side this a scaffold spiral is woven. 
The last operation of primary im- 
postance consists in the formation of 
a close spiral from without inwards, 
and this, being made of a sticky silk. 
serves to entangle the prey. The 
web-maker either waits for her catch 
in the notched zone, which is not 
sticky, or lurks some little distance 
away at the end of a signal line, the 
vibrations of which apprise her of 
captures. Small victims are bound 
with silk and carried bodily from the 
web, while larger ones are closely 
invested with sticky threads before 
being attacked. 

In laying the foundation lines of 
a web the aid of the wind may be 
taken advantage of, and in this way streams and 
other barriers can be effectively bridged. Mr. 
Warburton has measured bridge-lines of 11 feet long 
in the common garden-spider, while tropical species 
are able to construct their snares across streams several 
yards broad. 

Another species of orb-spinner figured above (Tefra- 
gonnatha extensa) is distinguished by its long, narrow 
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abdomen, the great size of its chelicere, and the fore- 
and-aft way in which the legs are disposed when at rest. 
It is said that the webs of some tropical orb-spinners 
are strong enough to catch small birds. 
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FALSE SPIDERS 


CRAB-SPIDERS 


The little crab-spiders (Thomiside), so called from 
their sidling mode of walking, lurk in flowers for the 


purpose of seizing imsect visitors, and are charac- 


SOUTH AFRICAN CRAB-SPIDER 


terised by the shortness of the two hinder pairs of legs. 

Ina related family (Hetevopodide) similar characters 
are found, and the accompanying figure of a South 
African form (Palystes) will 
give an idea of the general 
form of the larger members of 
the family. 


WOLF-SPIDERS 

The wolf-spiders (Lycosid@) are 
rapidly-moving forms, of which 
small species are found in this 
country. They hunt down their — 
prey, and the female carries about 
her egg-bag with her. The newly- 
hatched young anchor themselves 
to their mother until able to fend 
for themselves. 

A very interesting form 
(Lycosa tarantula), here figured, 
is one of those to which the 


name of “tarantula” is given 
in South Europggand which 
were believed to exceedingly 


poisonous. This species constructs 
a silk-lined burmw in which she 
lurks for ,; prey.“ In the Middle 
Ages hysterical complaints were 
supposed in Italy to be the result 
of tarantula bites, and violent 
dancing was a favourite remedy. 

Regarding this, R. Radau states : 
“The sufferers . dance and 
leap until they. fall exhausted. 
They are cured by a strongly- 
marked music, which excites 
them more and more, till it 
brings them to a crisis. When the disease was 
raging in Italy, musicians roamed the country to 
offer their assistance. The rapid dance they played 
was known by the name of ‘Tarantella,’ a name 
that reminds us that the malady was supposed to 
be caused by the bite of the ‘tarantula,’ a large and 
venomous spider.” ; 


MALE OF PERSIAN FALSE SPIDER 


RAFT-SPIDERS 
The raft-spider (Dolomedes fimbriatus) is a large and 
rare South English species, representative of a distinct 
family (Pisauvide), and named from its habit of 
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fastening leaves together into a raft, from which it 

dives in pursuit of aquatic prey. It is also able to run 

along the surface of the water, and the female carries 
her egg-bag in her chelicere. 


JUMPING SPIDERS 

Jumping spiders (Aitid@) con- 
stitute the largest family of the 
order, about four thousand species 
being known. Though widely dis- 
tributed, their headquarters are in 
the tropics. Some of them are 
brilliantly coloured, especially the 
males, which often display their 
charms in courtship dances, else- 
where mentioned. One common 
British species (Epiblemum. scent- 
cum) is handsomely striped with 
black and white. Some species 
closely resemble ants in form, and 
are found associated with these 
insects, imitating their mode of 
walking, and even holding their 
front pair of legs in the air, which 
makes them look as if, lke their 
associates, they possessed antenne. 
The Australian parachuting spider 
(Attus volans), already mentioned, 
belongs to the same family. 


FALSE SPIDERS 


The false spiders (order Solifuge) 
are large, hairy creatures, native 
to hot regions, and _ superficially 
resembling spiders, as will be seen 
from the figure given of a Persian 
form belonging to the genus 
Galeodes. ‘hey differ from spiders, however, in many 
ways, as, for example, in the obvious segmentation of 
the body, suggesting insects; in the pincer-bearing 
chelicere, and the absence of spinning organs. 
Breathing is entirely effected by air-tubes, there being 
no lung-books; and the pedipalps are very long. They 
are erroneously believed to be extremely poisonous. 


1891 


HARMSWORTH NATURAL HISTORY 


FALSE SCORPIONS 


The minute false scorpions (order Pseudoscorpiones), 
though widely-distributed, are seldom seen, owing to 
their habit of lurking in all sorts of dark corners. The 
most familiar species is probably the book-scorpion 
(Chelifer cancroides), common in library and museum 
collections, and which, as 
will be seen from the figure, 
looks something like a very 
small tailless scorpion, 
though its internal struc- 
ture is very different. 
Spinning glands are pre- 
sent, but these are not 
comparable to those of 
spiders. They open on the 
chelicere, and their use 
appears to be to construct 
a sort of refuge. 


HARVESTMEN 


The harvestmen (order 
Opiliones) form a widely-distributed group of spider- 
like creatures, with compact bodies and very long legs. 
They can, however, be easily distinguished from spiders 
by the fact that the abdomen is fused with the rest of 
the body; while the chelicere terminate in large 
pincers, and there are no spinning 
organs. Many of them run with 
great swiftness, while others escape 
observation when danger threatens 
by remaining perfectly still, their 
colour harmonising with the sur- 
roundings. 


MITES AND TICKS 


The large order of mites and ticks (Acari) 
includes a host of forms, some fairly large, 
but many extremely small. They are of 
very considerable economic importance, as 
many of them attack cultivated plants, or 
are parasitic upon domesticated animals ; 
while some of them harbour the germs of 
serious stock-diseases, such as Texas fever 
and louping ill. 

The cephalothorax and abdomen of a 
mite are completely fused together, as in 
harvestmen, although a groove marks the 
boundary between them, but are still more 
specialised, for the abdomen has lost all 
trace of segmentation. In most cases the 
typical four pairs of legs are present, though they are 
occasionally reduced to two pairs. j 

The chelicere sometimes terminate in pincers, and are 
sometimes transformed into piercing stylets; while the 
pedipalps may partly fuse together into a kind of lower lip. 

Mites either have no special respiratory organs or 
breathe by means of air-tubes. They hatch out as 
six-legged larve, a fourth 
pair of legs being subse- 
quently developed. Two 
suborders are recognised : 
(1) Typical Mites and Ticks 
(Acarina), and (2) Worm- 
like Mites (Vermiformia). 


TYPICAL MITES AND 
TICKS 


The downy mites (Tvom- 
bidiide) include a _ great 
variety of hair-clad, usually 


BOOK-SCORPION 


I, BEETLE-MITE ; 2, DOR-BEETLE INFESTED WITH GAMASU 


ITCH-MITE 


Lower view of female 


active forms feeding upon the juices of plants or 
animals. The little harvest-mite (Tvombidium holoseri- 


ceum) is clothed with scarlet hairs, and has an evil 
reputation from the fact that its six-legged larva, the 
so-called ‘‘ harvest-bug,” attacks human beings, causing 
an intolerable itching. 
be half an inch in length. 


Related tropical species may 
The spinning mites belong 
to the same family, and 
one of them (TLetranychus 
telavius), the ‘“‘ red spider,” 
is a serious pest on hops 
and some other crops. 
Beetle-mites (Gamasid@) 
aresonamed because some 
of them are parasitic upon 
beetles, as shown in the 
figure of a typical species 
(Gamasus coleoptratorum). 
Some troublesome pests 
are included in this family, 
as, for example, the little 


red fowlmite (Der- 
3 manyssus avium), which 
abounds in dirty fowl- 


houses, and also attacks small cage-birds. 

Ticks (Ivodid@) are comparatively large forms, of 
which the females are greedy blood-suckers, attacking 
mammals, birds, and even reptiles, for which they lie 
in wait on bushes or among grass. The ordinary 
sheep-tick (Ixodes ricinus) is illus- 
trated. 

Another family (Sarcoptide) 
contains a number of notorious 
parasites responsible for mange 
and itch. Some of these simply 
prey upon the epidermal append- 
ages, while others, like the itch-mite 
(Sarcoptes scabiei), burrow in the skin. 


WORM-LIKE MITES 


Worm-like mites (suborder Vermiformia) 
are so called on account of their worm- 
like elongated bodies. One family (Demo- 
dicideé) includes a minute parasite (Demodex 
folliculorum) which lives in the hair-sheaths 
of the human skin. The gall-mites (Phytop- 
tide) are also very minute, and their two 
last pairs of legs have disappeared. They 
infest various plants, and one of them, the 
black-currant gall-mite (Eviophyes ribis), is 
a serious pest, producing the condition 
known as ‘“‘big bud.’? The mites live in 
the young buds, which swell up as a result 
of the irritation produced, Such buds either never 
Open, or give rise to crippled shoots. 


BEAR-ANIMALCULES 


Tt is usual to describe as 
a sort of appendix to the 
Arachnida two small groups 
of animals of which the 
affinities are very doubtful. 
These are the Bear-animal- 
cules (Tradigrada) and 
Tongue-worms (Linguatu- 
lina, or Pentastomida). 

Bear-animalcules are 
microscopic creatures living 
in damp places. They have 
been compared to unlicked 
bear cubs in appearance. 
There are four pairs of 
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PRIMITIVE TRACHEATES 


] stumpy legs provided with 
strong claws, and a pro- 
truding snout, with a pair 
of horny teeth. Dr. Shipley 
has devised an interesting 
way of finding these and 
other small creatures that 
live among plants. ‘In 
searching amongst the 
heather of the Scotch moors 
for the ova and embryos of 
the nematodes, which infest 
the alimentary canal of the 
grouse, I have -recently 
adopted a method not, as 
far as-l-am--aware, in use 
before, and-one which in 
every case has yielded a 
good supply of tardigrades, 
otherwise so difficult to find. 
The method is to soak the 
heather in water for some 
hours, and then thoroughly 
shake it, or to shake it gently in a rocking machine for 
some hours. The sediment is allowed to settle, and is 
then removed with a pipette, and placed in a centri- 
fugaliser. A few turns of the handle are sufficient to 
concentrate at the bottom of the tube a perfectly 


ENGLISH SHEEP-TICK 


a, six-legged young; J, eight-legged 
young; c¢, male; a, female not 
distended ; e¢, female distended with 
blood, from below; *# same from 
above; g, specimen clinging to the 
hairy integument of a mammal. 


amazing amount of cryp- 


tozoic animal life, and 
amongst other forms I 


have never failed to find 
Tardigrada.”’ 


TONGUE-WORMS 


The creatures included 
in the group Linguatulina, 
or Pentastomida, are 
elongated worm-like 
parasitic forms, with two 
pairs of horny hooks near 
the mouth, and devoid of 
limbs, exceptin theembryo, 
where two pairs are present, 
One of the most. familiar 
forms (Pentastomum 
1emotdea) lives in the nose 
of dogs and allied forms. 
The eggs are sneezed out 
to. the exterior, and, if 
swallowed by a hare or 
rabbit, undergo further 
development, ultimately settling down in the liver. 
If an infected hare or rabbit is devoured by a dog, the 
adult condition is assumed. 
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MOUTH-ORGANS OF SHEEP- 
TICK 


¢, snout ; d, é, 7, g, segments of palp ; z, 
spiny beak, formed by fused mandibles 


CLASS PROTOTRACHEATA—PRIMITIVE TRACHEATES 


HE remaining groups of arthropods embrace forms 

which breathe by air-tubes, never by lung-books, 

as in some of the Arachnida, and possess a pair of 

feelers, or antenne, on the head, on which account they 
are sometimes distinguished as Antennata. 

The class Prototracheata only includes a number of 
widely distributed caterpillar-like animals conveniently 
included in the genus Peripatus, although it has been 
proposed to break this up into several others. The 
general appearance of these creatures may be gathered 
from the figure given of a Venezuelan species (Peripatus 
edwardsit). The distributional range includes the 
following : Africa (Cape Colony, Natal, and the Gabun) 
the Malay Peninsula (and 
possibly . Sumatra), 
Australia, Tasmania, New 
Britain, South and Central | 
America, and. the West | 
Indies. This exceedingly | 
wide distribution ofanimals | 
without marked facilities | 
for dispersal is anindication | 
of great antiquity, and this | 
conclusion is fully borne | 


out by the primitive | 
anatomical characters of | 
the group. 


The rounded body re- t 
presents, no obvions hc —————————Ee 
of segmentation, except 
that it bears a varying : 
number of stumpy:legs, provided with pairs of claws at 
their tips. These are not divided into joints, as in more 
typical arthropods, and suggest the foot-stumps of 
cheetopods or bristle-worms, a resemblance which is 
intensified by the fact that they are hollow. Pertpatus 
may, in fact, be regarded as representing a transition 
stage between segmented worms and arthropods. In 
front of the first pair of legs are a pair of blunt pro- 
jections, the oral papillae, upon, which open peculiar 
slime-glands. The mouth is surrounded by a swollen 
circular lip, inside which are two jaws armed with 


PERIPATUS EDWARDSII 


cutting. blades, and representing, like the oral papilla, 
a pair of modified limbs. The possession of only a 
single pair of jaws is peculiar to Peripatus among 
Arthropoda. The head bears a pair of blunt antenne, 
and there is a fairly complex eye near the base of each 
of these. 

The coloration of the body varies with the species, 
and is more or less attractive. Professor A. Sedgwick 
speaks of these animals as follows: ‘“‘ Pertpatus, though 
a lowly organised animal, and of remarkable sluggish- 
ness, with but shght development of the higher organs of 
sense, with eyes the only function of which is to enable 
it to avoid the hght—though related to those animals 

most repulsive to the 

esthetic sense of man, 
animals which crawl upon 
their bellies and spit.at, or 
poison, their prey—is yet, 
strange to say, an animal 
of striking beauty. The 
exquisite sensitiveness and 
constantly changing form 
of the antenne, the well- 
rounded, plump body, the 
eyes set like small dia- 
/ monds on the side of the 
| head, the delicate feet, 
' and, above all, the rich 
colouring and velvety tex- 
ture of the skin, all com- 
bine to,give these animals 
an aspect of quite exceptional beauty. 

“ Of all the species which I have seen alive, the most 
beautiful are the dark-green individuals of Capensis, 
and the species which I have called balfouvi. These 
animals, so far.as skin is concerned, are not surpassed 
in the animal kingdom. I shall never forget my 
astonishment and delight when, on tearing away the 
bark of a rotten tree-stump in the forest on Table 
Mountain, I first came upon one of these animals in its 
natural haunts, or when Mr. Trimen showed me in con- 
finement, at the South African Museum, a fine fat, 
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full-grown female, accompanied by her iarge family ot arrangement. How these organs arose in the worm- 
thirty or more just-born but pretty young, some of like ancestors of tracheates as an adaptation to 
which were luxur iously creeping about on the beautiful breathing ordinary air is quite unknown, but it is 
Siku Octet ied 0 possible that they 
mother’s back.”’ developed from 

Peripatus breathes glands in the skin. 
by means of minute As already in- 
air-tubes, bundles of dicated, Peripatus 
which open to the , lives in all sorts of 
exterior byscattered dark places. Its 
pores. In the more chief food would 
highly organised appear to consist of 
tracheates to be insects, and slime 
subsequently con- | " can be — forcibly 
sidered the — air- ENGLISH CENTIPEDES SCOLOPEN DRA ejected from the 
tubes are much oral papille to some 
better developed, and open by a comparatively small distance, probably serving to entangle the prey, besides 
number of pores, which have a regular paired which it is most likely a means of defence. 


CLASS MYRIAPODA—CENTIPEDES &&MILLIPEDES 


THE arthropods associated in the class Myriapoda The trunk is flattened from above downwards, and 
usually possess elongated bodies, and numerous or each segment is covered by horny dorsal and ventral 
very numerous pairs of jointed legs. The head bears plates, connected by a soft area of skin on either side. 
a pair of antenne, and more than one pair of jaws, are The well-developed legs are attached at the side to this 
present. The air-tubes are much softer region, where also will be found, 
better developed than in Pertpatus, ‘ : with rare exceptions, the openings 
and open by regularly arranged (stigmata) of the air-tubes. Each 
stigmata on the sides of the body. segment bears one pair of legs, and 
There are two orders: (1) Centi- every other segment possesses a pair 
pedes, Chilopoda; and (2) Millipedes, of stigmata. The total number of 
Diplopoda. Although the old class pairs ot legs is always odd. 
Myriapoda is retained here asa matter The first family (Scutigeride) to be 
of convenience, some recent authori- mentioned includes the genus 
ties consider the two orders mentioned Scutigera, of which one species is 
to be entitled to the rank of distinct figured. These forms are widely dis- 
classes. tributed in the warmer parts of the 
globe, and are exceedingly active, this 
being associated with unusually long 
legs. The antenne are also of great 
length. Most centipedes avoid the 
light, but those belonging to Scutigera 
may often be seen hunting their prey 
in the sunshine, and, in accordance 


CENTIPEDES 


The body of a centipede consists of 
a head, followed by a trunk consisting 
of from 15 to 100 segments, which for 
the most partare very similar. Upon 
the head are two long antenne, and 


commonly two lateral groups of small : with this habit, possess a pair of large 
eyes. Outside the mouth are four compound eyes. The breathing organs 
pairs of jaws, but only the first two ‘ differ from those of other centipedes, 
pairs belong to the head, the others and there is only a single series of 
springing from the modified front end stigmata, which open along the 
of the trunk. We can, in fact, arrange middle of the back. 

Peripatus, centipedes, and insects, in Amore familiar family (Lithobiide) 
a series, marked by _ increasing SCUTIGERA includes several British species, the 
specialisation of the body from before largest of which (Lithobius forficatus) 
backwards. The jaws are: (1) biting mandibles; (2) is figured. It is an active, chestnut-coloured form with 
soft, flat, forked maxilla, fused together at their bases; fifteen pairs of legs, and may be found lurking under 
(3) leg-like first maxillipedes ; and(4) second maxillipedes, stones. The eggs are laid singly, and rendered 
which terminate in strong curved poison-claws. inconspicuous by an earthy coating. 
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Many of the large tropical centipedes belong to a 
family (Scolopendride) of which the members may be 
a foot in length, and are much feared on account of the 


severity of their 
poisoned bite. One 
oi them (Scolopendva 
morsitans) is repre- 
sented on a reduced 
scale in the figure, in 
the act of attacking 
a beetle grub. 

One widely distri- 
buted family (Geo- 
philide) includes 
slender forms which 
live underground, 
and feed chiefly 


upon earthworms, as indicated 
These centipedes are often phosphorescent, one British 
“species (Linotenia crassipes) being especially notable 


in this respect. 

Passing mention must 
be. made of one group of 
Chilopoda (Symphyla), 
because it includes short 
centipedes, all belonging 
to one genus (Scolopen- 
drella), which in many 
respects come near the 
lowest insects, and 
probably give some idea of 
the ancestral stock from 
which insects have been 
derived. They are minute 
creatures native to North 
Pmamehi Cae ladda. and 
Sumatra, and are repre- 
sented in Britain. 


MILLIPEDES 


The sluggish vegetarian forms known as millipedes 
(order Diplopoda) differ in many ways from centipedes, 
which they only resemble superficially. The antennze 


are short, and each 
of them usually con- 
sists of seven joints 
Omly. Uhere are 
generally two 
groups of eyes, and 
two pairs of jaws 
aveme presenti: 0 (0) 
mandibles, and (2) 
maxillze, which are 
united together into 
a flattened lower 
lip. The body is 
usually rounded, 
and the legs are 
generally feeble and 
take origin near the 
middle of the under 
surface. Most of 
the segments bear 
two pairs, as can be 
seen in the figured 
Sumatran species 
(Platyrrhachus 
mivandus), and this 
indicates the fusion 


of pairs of segments, a conclusion strengthened by 
the fact that each apparent segment possesses a pair 
of stigmata. In many cases there are stink-glands, 
ejecting a malodorous fluid as a protective measure. 


POLYXENUS 


in the illustration. 


MILLIPEDES 


SUMATRAN MILLIPEDE 


ENGLISH PILL-MILLIPEDES 


JULUS SABULOSUS 
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are dealt with above. 


One rather exceptional family (Polyxenid@) includes 
small bristly forms which live under stones or bark, 
and the general appearance of which may be gathered 


from the illustra- 
tion of Polyxenus. 

The short pill 
millipedes (Glome- 
vide) are able to 
roll up as a means 
of protection, as 
shown in the figure 
of an English form, 
The most familiar 
millipedes (julide) 
are chiefly found 
in Europe and the 
Wnitedesitaves: 


One species (Julus sabulosus) is figured at the bottom 
of this page. 
Some small millipedes do considerable damage to 


the underground parts of 
certain crops, and are 
popularly known as 
‘“false wireworms,” the 
true wireworms being the 
larvee of small beetles. 
Millipedes are an ex- 
tremely ancient group, 
dating back to an early 
geological period. By 
studying fossil forms, and 
investigating the develop- 
ment of recent ones, it 
has proved possible to 
explain some of their 
DOCH ENES, Iie 
rounded shape, for in- 
stance, has been brought 
about by excessive de- 
velopment of the upper 


or dorsal surface, while the under part of the body 
between the attachment of the limbs, has remained 
comparatively undeveloped. Each apparent segment, 


bearing two pairs 
of legs, exhibits a 
doubleness of its 
internal organs, 
which negatives 
the: idea Ones its 
being weed nketemnal 
single segment or 
two segments in- 
timately fused. We 
may regard this 
apparent segment 
therefore as a pair 
Or  Goeiniewes, 
covered above by 
a single hard plate, 
which has resulted 
from the union of 
the dorsal plates 
of two original 
segments. 

The t study, of 
extinct myriapods 
also demonstrates 
that the millipedes 
and centipedes 


have sprung from a common stock, which probably 
resembled in many ways Peripatus, that lowly organised 
and remarkably sluggish ‘animal, whose characteristics 
J. R. AtnswortuH-Davis 


CLASS 


"THE term insect, although originally and, according 

__ to the meaning of the word, correctly employed ina 
wide sense to embrace all those animals in which the 
body is externally divided into a number of segments, 
including, of course, butterflies, beetles, bugs, spiders, 
scorpions, centipedes, millipedes, not to mention crabs 
and shrimps, is now, by common consent, used in a 
much more restricted sense to apply solely to such 
ee of the Arthropoda as have only six walking 
egs. 

In allusion to this feature the class is nowadays 
often called the Hexapoda, the term being much more 
precise and applicable than that of Insecta. In 
addition, however, to the possession of six legs, insects 
are characterised by certain other well-marked features, 
serving to distinguish them from all other arthropods. 
The body is divided into three distinct regions, arranged 
in a longitudinal series, and named respectively, from 
before backwards, the head, thorax, and abdomen. 

The head, which varies much in size and shape in 
different groups, bears the eyes, the antenne, and the 
jaws. The eyes are of two kinds, simple and com- 
pound. The latter, of which there is a single pair, 
situated one on each side of the head, and often so 
large as to occupy the greater part of its right and left 
half, consist externally of a multitude of lenses, often 
exceeding many thousands in number. The simple 
eyes, or ocelli, on the other hand, are fewer in number 
—usually only two or three—and placed upon the 
fore part of the head. 

The antenne are movably articulated by means of 
a special socket to the front of the head, usually below 
or near the inner edge of the compound eyes. They 


vary much in structure and length, being sometimes 
long and pliable, and composed of a large number of 


INSECTA—INSECTS 


segments, as in the cockroach, and at other times short, 
like those of the house-fly, and consisting of a few 
segments only. There is no doubt that the antenne 
contain highly important organs of sense, the bristles 
with which they are studded being probably tactile, 
and some of the other organs possibly olfactory in 
function, 

The front edge of the head, or its lower edge when 
carried vertically, is often movably jointed to the rest 
of it, and constitutes an upper lip, or labrum. In the 
formation of the jaws, which are attached to the lower 
surface of the head, three pairs of appendages, respec- 
tively named the mandibles, the maxille, and the 
labium, are-involved. But these parts are susceptible 
of an extreme amount of variation in structure and 
function, being sometimes formed for mastication, as 
in the mandibulate forms, such as the cockroaches 
and beetles, and sometimes for piercing or sucking, 
or both combined, asin the so-called sucking forms 
like the flies, butterflies, and bugs. There is no doubt 
that the mandibulate type of mouth, in which the 
gnathites, or jaws, are more foot-like in structure, 
is the most primitive of all. In this case the mandibles 
usually consist of a stout pair of one-jointed skeletal 
pieces, the inner edge of which is furnished with 
biting teeth. Sometimes, as in the males of stag- 
beetles, the mandibles are enormously large, and 
simulate horns. 

The maxille are much more complicated in struc- 
ture ; each consists of a basal piece, composed of two 
segments—the cardo and stipes—from which spring 
two branches, an outer or palp, which has the appear- 
ance of a dwarfed limb, and an inner, which is, in its 
turn, double, the inner blade being called the lacinia 
and the outer the galea. The jaws of the third pair, 
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1, head of honey-bee, from the front ; 2, head of humble-bee, from below ; 3, maxilla and labrum ofa bee (Andrena); 4, maxilla and labrum of saw-fly (Cimbex) 
5, lower view of head of carnivorous beetle (Procrustes) ; 6, maxilla of carnivorous beetle (Cicindela) ; 7, maxilla of cock-tail beetle (Staphylinus); 8, maxilla 


of locust ; 9, head of bug (Cicada), from the front; 10, head of butterfly ; 11, proboscis of horse-fly (Tachina). 


mandible. 


a, mentum; b, ligula; b’, paraglosse ; c, palp ; d, 


Maxilla (e), with (f), cardo; g, stipes; h, lacinia; h’, galea; i, palp; k, head-plate ; n, teeth on lacinia 
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constituting the so-called labium, or lower lip, are 
constructed upon the same principle as the maxillz, 
but the parts usually considered to correspond to the 
cardo are united to form a plate—the mentum— 
which is articulated by its hinder part to a sternal 
plate of the head, called the submentum. In front 
of the mentum there are externally the jointed palpi, 
resembling those of the maxilla, and between these 
there is a median, yom . a 
sometimes bilobed, ‘ peer 
piece, called the 
ligula, and a pair of 
pieces termed the 
paraglosse. 

The degree of = 
development of the 
several parts varies 
greatly in different 
orders, and it is 
oiten a matter of 
considerable  diffi- 
culty to determine 
the exact corres- 
pondence that 
exists between them 
in two insects be- 
longing to different : 
orders; This is. ee 
especially the case , 
when the jaws have 
been modified to 
form the different 
organs of suction 
that are met with. 
The structure of 
these will be des- 
cribed in detail 
when the species 
that possess them 
Aiemeed {SiGit SSie'd. 
Another organ to </g cag 
bessimentioned in =F 
connection with the Mb hetor AL. 
jaws is a mem- fo = ; 
branous lobe, called (4. : ay “Gg 8 
the hypopharynx, ‘~ . i ee 
or tongue, projecting into the interior of the mouth 
from the floor of the labium. . 

The thorax, or median part of the insect’s body, is 
formed of three segments, called the prothorax, meso- 
thorax, and metathorax, each of which is composed of 
several distinct pieces. The dorsal areas of the three 
segments are termed the pronotum, mesonotum, 
and metanotum ; the lateral regions the pleura; and 
the inferior regions the sterna. _ To the pleura are 
articulated the three pairs of legs, each of which con- 
sists primarily of five segments, named respectively, 
from the base to the apex, coxa, trochanter, femur, 
tibia, and tarsus; the last, which constitutes the foot, 
being generally tipped with two claws, and subdivided 
into several—often as many as five—smaller segments. 

To the sides of the upper surface of both the meso- 
thorax and metathorax are usually attached a pair of 
wings, which are very characteristic organs of all the 
higher insects, although absent in the lowest forms, and 
in many species degenerate through parasitic habits. 
The wings differ much in structure, thickness, clothing, 
and so on, in different orders of insects, but in all 
cases they seem to consist of an upper and a lower 
membranous layer, traversed by narrow bands of 
thicker material, the nervures. 

The abdomen in insects is marked off from the 
thorax by the absence of true appendages. It may 
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consist of as many as ten distinct segments, but never 
of more, and generally of fewer. Each segment is 
protected above by a dorsal plate, or tergum, and 
below by a ventral plate, or sternum, the two being 
connected laterally by membrane. ‘The last segment 
is often provided with a pair of appendicular struc- 
tures, which may be long, many-jointed, and anten- 
niform, or short and one-jointed, like the pincers of 

= wr, anearwig. And, in 
addition to these, 
certain other struc- 
fe LUkes, suche asmene 
stings of bees and 
wasps, and the ovi- 
positors of locusts 
and ichneumon flies, 
are frequently con- 
nected with the 
hinder segments of 
the abdomen. 

The only other 
external structures 
that need be men- 
tioned here are the 
stigmata, or aper- 
, tures, of the respira- 

tory organs. These 
| pierce the lateral 
surfaces’ of the 
thoracic and abdo- 
minal segments, and 
vary much in num- 
: ber, size, and form, 
\ being generally far 
more plainly seen in 
the larve than in 
the: adults: There 
may: be as many as 
eleven pairs, but 
usually the number 
falls short of this. 

In exceptional 
Cases, as) aineetne 
; plant-lice (A phide) 
za a belonging to the 
“ Sr ewe order Hemiptera, 
and in certain parasitic flies of the group Pupipara, the 
young are born in an advanced stage of development, 
the eggs developing within the body of the parent 
without being first deposited. But in the vast majority 
of species the young make their first appearance in the 
world in the egg-stage. 

Between the time of its escape from the egg-shell 
and the attainment of maturity, the young undergoes 
a succession of moults, or castings of the skin. In 
some cases the change of structure that an insect 
presents during the course of its growth is, com- 
paratively speaking, trifling, the young being hatched 
in a condition in which in outward form it substantially 
resembles the parent in everything but size, and, in 
the case of species that bear wings in the adult, in the 
entire absence of these organs. A familiar instance 
of this method of growth is found in the cockroaches 
and grasshoppers, in which the young emerge from the 
egg aS miniature and wingless copies of their parents. 

In other cases, however, as in the flies (Diptera) 
and butterflies (Lepidoptera), an extraordinary change 
of form takes place during growth, the young upon 
hatching being so totally unlike the adult that no one 
unacquainted with the facts of insect development 
would suppose the two to belong to the same category 
of animals. In these two orders, as well as in some 
others, the new-born young has the appearance of a 
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fleshy grub; and the grub-like condition is retained 
unchanged, except in size, until the time for the last 
moult approaches. It then undergoes a_ startling 
change of condition, and, losing its organs of sense and 
ceasing to feed, passes into a state of quiescence, during 
which the final changes in its organisation are more 
or less rapidly passed through, and the final moult 
sets free the mature insect, perfect in all its structural 
details. 

The immature stages of insects that present a com- 
plicated development of this kind are variously spoken 
of as grubs, maggots, caterpillars, or, more com- 
prehensively, larve ; while the quiescent stage is termed 
the chrysalis or pupa, and the final sexually mature 
stage the imago or perfect insect. Moreover, such 
species are said to undergo a complete metamorphosis, 
or to be holometabolous, as opposed to those like the 
cockroach, whose growth is accompanied by but little 
change of form, and are said to present an incomplete 
metamorphosis, or to be ametabolous. 

It must not, however, be supposed that all insects 
are either completely or incompletely metamorphic in 
their development. The familiar types that we have 
mentioned exhibit almost, although not quite, the 
extremes of change that are offered in the class; but 
between these occur other types which show develop- 
mental phenomena more or less intermediate in their 
nature, being less 
complicated than 
those of the blow-fly 
and more comph- 
cated than those of 
the cockroach. An 
account of these 
various methods of 
development will be 
given under each 
erten i452 )12t) «ts 
described. 

Like the Crustacea, 
Arachnida, Milli- 
pedes, and all the 
main divisions of the 
Arthropoda, with the 
exception of the Pro- 
totracheata (Per1- 
patus), and possibly the Centipedes,- insects are an 
exceedingly ancient group, having left their remains in 
strata of Silurian age. The exact nature and affinities 
of these primeval remains has not, however, yet been 
satisfactorily determined, and some authors, indeed, 
seem to doubt whether they are rightly referred to 
insects. 

Still, there is no question that species of this group 
flourished in abundance during the Carboniferous period ; 
but the conclusion that all the known fossil insects from 
these strata form a natural order, distinct from all the 
existing groups of this rank, can hardly be regarded as 
finally established, seeing that, in the opinion of some 
authors, they are assignable to places in our classifica- 
tion of existing species, and are nearly related to the 
orders Orthoptera (cockroaches, grasshoppers, and 
dragon-flies) and Hemiptera (bugs and plant-lice). 
In the Secondary rocks insect remains, considering the 
small chances of the preservation of such creatures 
in stratified deposits, are fairly abundant; and none 
of the species present ordinal differences from those 
which now exist. So, too, the hosts of species that 
have been discovered in Tertiary deposits, in the 
amber-beds and elsewhere, are referable to existing 
orders. 

It has been estimated that in numbers of species 
insects excel all other land: animals of the world taken 
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together, and a recent computation has put the total 
of described forms at 250,000, and yet, according to 
Lord Walsingham, only about ten per cent. of existing 
species have hitherto been discovered. But this is not 
the only respect in which the animals of this class are 
in advance of all other groups. In brightness of colour, 
beauty of pattern, and gracefulness of form some of 
the species can hardly be equalled even by the most 
gorgeous birds, while in mechanical perfection of 
structure, as testified by activity and strength, others 
of the group are unsurpassed in the animal kingdom. 

It has been stated that if a man could leap in pro- 
portion to his stature as far as a flea can hop, he could 
clear at a bound a wall over one hundred feet high, 
and if he could sing as loudly as the cicada, his voice 
could be heard for a distance of many miles. Indeed, 
even in matters about which man is wont to especially 
pride himself, such as those touching social organisa- 
tion, he might with advantage go to the ant to learn 
wisdom, since many of the problems of modern 
civilisation, involved = questions concerned in the 
regulation of increase of population, the proper division 
of labour, and the support of useless individuals, have 
been satisfactorily solved by many of the species of 
insects that live habitually in communities. 

Speaking in a general way, insects may be said to be 
terrestrial animals, since all the species are fitted 
more or less com- 
pletely for atmos- 
pheric —_— respiration 
and for progression 
on the land; many 
of them, in addition, 
being furnished with 
wings, which propel 
them through the 
air with amazing 
velocity. In many 
of the orders, how- 
ever, as, for instance, 
in the beetles and 


i\\if, bugs, there are 
S  Y UNG species that have 
YY deat adopted an aquatic 


SUL 
mode of life, and 
spend their days in 
fresh-water ponds and streams in various quarters of 
the globe. Others, again, like some of the gnats and 
dragon-flies, live in fresh water during the larval stages 
of their existence, but quit it on attaining maturity. 
Insects, too, are sometimes found on the coast beneath 
stones and seaweed at low water, but there are only a 
few species of insect that can strictly be called 
marine ; these are bugs such as Halobates, sometimes 
met with in numbers on the surface of the ocean 
thousands of miles from land. 

The phenomena known as mimicry and protective 
resemblance are strikingly exemplified in insect life. 
The term mimicry is usually applied to cases where a 
species, otherwise unprotected, lives unmolested owing 
to its resemblance to another which is gifted with 
defensive weapons in the form of poison-glands, or with 
a nauseating flavour that renders it distasteful. Such 
species as these are usually rendered conspicuous by 
contrasting patches of bright colour. It is noticeable, 
for instance, that the patterns of bees and wasps are 
strikingly diversified, in order that the insects may be 
readily recognised and not slain by mistake for other 
species. Bees and wasps, then, being species that enjoy 
immunity from attack, are often imitated, or mimicked, 
by perfectly harmless flies and moths, and some beetles 
and animals allied to crickets similarly mimic ants. 
But the phenomenon of protective resemblance—or 
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the mimicry of inanimate objects—by which a species 
is rendered practically invisible amongst its  sur- 
roundings on account of its resemblance to a leaf, 
stone, twig, or bird-dropping, is of far commoner 
occurrence. In the coloured picture on page 106, a 
key to which is given on page 120, a few instances of 
this kind of adaptation to surroundings are portrayed. 
In 12, 13, and 18 are the larve, or caterpillars, of dif- 
ferent species of Lepidoptera, the first two in colour 
and shape simulating branches, and the last a snail- 
shell; 1, 2, 9, and 14 are leaf-like pupa, or chrysalids, 
of other kinds of Lepidoptera; while 3, 5, 7, 11, 15, 
23, and 24 are the adult'stages of members of the 
same order under different disguises. The most 
noticeable of these is I1, representing a large and 
handsome butterfly, which, when at rest with its wings 
folded back, exactly resembles a dead leaf, even to the 
midrib and stem; while 23 and 24 exhibit two small 
moths, which might be readily mistaken for bird-dung. 

In the Orthoptera, as the insects allied to the cock- 
roaches and grasshoppers are called, the phenomenon 
is carried to an extent else- 
where unsurpassed in the 
animal kingdom. This is 
well shown in the case of 
the leaf-insect (4), the stick- 
insect (8), and the leaf-like 
locust (10). Most of. the 
other figures in the picture 
are of less importance. 
Attention, however, may be 
drawn to the water-bug (16), 
the young dragon-fly (6), the 
beetle (19), the curious bugs 
(20) which in attitude and 
colour closely approximate 
to the stems or bark to which 
they cling; 25 and 26 show 
two beetles resembling 
sheep’s droppings; 17 ex- 
hibits one of the May-flies 
like a dead leaf, and 21 two 
plant-bugs which secrete 
threads of white wax and 
appear as tufts of woollen 
matter. 
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The general characters of 
the order Hymenoptera will 
be more or less familiar to 
most readers from _ their 
acquaintance with the well-known members of the wasp, 
bee, and ant tribes. The group includes the saw-flies, 
wood-borers, gall and parasitic wasps, ichneumons, ants, 
spider-killing wasps, solitary and social wasps, and 
solitary and social bees. The number of species known 
is from 30,000 to 40,000, though, from our knowledge 
of the proportion which they bear to other orders, it 
is computed that there may be upwards of 150,000 
species yet to be discovered. 

In specialisation of structure they undoubtedly rank 
amongst the most highly developed of the Insecta. 
The neat, agile frame, hard, shining integuments, stout 
mandibles, strong, hght wings, and movable abdomen, 
bearing, in the case of the female, at its apex an ovl- 
positor of great power and precision of application, or 
modified into an instrument for sawing and boring in 
some species, and in several families becoming a 
sting. All these features combine with a temperament 
of extreme nervous energy to give them a character 
for general intelligence, and a power of adapting 
means to ends such as are manifested in no other allied 
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order. The web-making spiders alone resemble them 
in this respect, and we are able to find few analogies 
nearer than the intelligent action, individual or con- 
certed, of man himself. 

The social Hymenoptera, such as ants, bees, and 
wasps, have solved, on their own life-plane, industrial 
difficulties and social problems pressing for solution 
in the various societies of men. Doubtless this has been 
accomplished to a certain extent only at the cost of a 
loss of individuality such as civilised man would not 
tolerate fora moment. When we find that the worker 
ants, bees, and wasps have, during their specialisation 
as workers pure and simple, lost their sexual faculties, 
that the members of a species of Amazon ant, during their 
specialisation as warriors, have lost the power of even 
feeding themselves, being entirely dependent on slaves 
for their food, we may well pause before concluding that 
such solutions of important problems are in the end for 
the best, at any rate so far as concerns the human race. 

The actions of insects also differ from those of 
human beings in being mainly instinctive, and not intelli- 
; gent. An action is instinc- 
tive when performed without 
previous training, as the 
result of a given stimulus, 
even when it is unnecessary. 
Some nest-making bees go 
through a series of building 
operations of which the order 
cannot be varied. If for a 
half-built -cell one of full 
height be substituted, the bee 
goes on raising it to an un. 
necessary height, not perceiv- 
ing that part of her work has 
been done. Intelligence in- 
volves the power of profiting 
by experience. 

Without entering into the 
more minute details of 
structure, the general charac- 
ters by which the order may 
be distinguished are as 
follows: The possession of 
four transparent wings, a 
head, thorax, and abdomen 
distinct from each other, 
the latter joined to the 
thorax by a narrow stalk, 
or, in the case of the Tenth- 
vedinide, by a broad uniting 

» joint. The integuments are 
strong, hard, shiny, and often hairy. The mandibles 
are well developed for biting purposes, while the sub- 
ordinate mouth parts are, in the case of the honey-bees, 
modified to form a long, tongue-like proboscis for 
extracting nectar from flowers. The head is more or 
less globular, bearing compound eyes and several ocelli 
on the crown between and just behind the antenne. 
Besides the mastication of food, the mandibles are 
used for digging holes in the ground or for gnawing 
timber, and various other purposes. 

In some ants the soldiers have the head enormously 
developed, as are also the mandibles; their function 
being to protect the society from enemies, and also 
to carry on war against neighbouring communities. 
The antenne are in most cases long, jointed, and 
filiform, constituting sensitive organs of touch and 
recognition. The thorax is composed of the usual 
three pieces, prothorax, mesothorax, and metathorax. 
It bears the wings, four in number, above, and the legs, 
six In number, beneath, the latter being modified in 
many species for special purposes, such as, in the bees, 
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for gathering pollen from the blossoms of the plants 
visited for the sake of honey. Often the legs are 
armed with long spines, which in the sand-wasps 
materially assist in the excavation of the pits in which 
these insects bury their victims and deposit their eggs. 

The wings are ample, strong, and light, formed of a 
transparent membrane strengthened with fine nervures, 
or veins. The arrangement of these nérvures varies 
much in different groups, and is of importance ‘in the 
classification of members of the order. The relative 
importance of this character is, however, not the same 
in every family, being in the’ saw-flies, perhaps, of the 
greatest value. Species which are wingless in one or 
both sexes are found in many of the families; while 
in the genus Oryura of the family Proctotrypide the 
wings consist merely of a fine central stalk with a 
battledore-shaped plumose_ tip. The abdomen is 
united to the metathorax either throughout its whole 
width, as-in the Tenthredinide, or, as in most of the 
other families, by a narrow stalk, or petiole. These two 
characters serve for the division of the order into the 
groups of Sessiliventres and Petiolata. 

The organs of reproduction are situated at the apex 
of the abdomen; while in the female the instrument 
for depositing the eggs has become in- the section 
Aculeata developed into a sting ; in the [chneumonide 
it is sometimes enormously long, and used for piercing 
the larve in which they lay their eggs. In the case of 
the large wood-borers (Szvew) it is used as a boring instru- 
ment, while in the saw-flies it is serrated on the edges 
and empleyed to wound the tender shoots in which the 
eggs are deposited. Amongst the Pompilide and some 
other families, the sting is used to paralyse the victim 
in which the insects lay their eggs, or leave in the cell to 
feed the larve as they hatch. Probably no pain is given 
to the victim, and, even in the case of those grubs that 
feed internally upon the tissues of caterpillars, in all pro- 
bability less inconvenience is caused than we suppose. 

In all cases the metamorphosis is complete. The 
egg may be laid in a cell prepared either by the female 
or the workers for that purpose, and the grub is fed 
by the attendants on a preparation of pollen or other 
foods specially prepared. In other cases the eggs may 
be laid on the foliage of trees and plants on which 
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TAILED-WASP AND CORN SAW-FLIES 
t, Siréx juverics, with larva and pupa ; 2, Cephus pygmeeus and larve in rye-stalks ; 3, Pachymerys calcitrator, a wasp 
: parasitic on Cephus; 4, enlarged larva and pupa of Cephus 
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the larve feed, or they may be deposited upon or in the 
bodies of living or paralysed caterpillars, grubs of other 
species, or spiders, locusts, and the like. The Cynipide 
with the poison from their sting, and other causes com- 
bined, produce a large gall upon the leaves of trees, 
especially oaks ; and on the fleshy cell-structure of these 
galls the grubs feed when they emerge. 

Larve of two different kinds are met with in the order. 
Thus, whéreas those of the saw-flies have legs, some- 
times even more in number than those of the Lepido- 
ptera, the grubs of the majority lack functional legs. The 
former live a life of greater liberty, feeding on the foliage 
of trees; the latter are-free, so far as they are not 
confined within an egg-membrane, but being internal 
feeders, whether in foliage, larve, wood, or shut up as 
solitary. hermits, each in its several cell passes a larval 
period of limited freedom.. It isa curious fact that the 
legs of some larvae are more evident in the early than in 
the latter stages, thus proving that the habit of cell-life 
is a comparatively recent departure from a former 
habit, when in all probability the larval life was passed 
in greater freedom. 

The phenomenon of parthenogenesis is one which 
crops up in various orders of insects, being simply the 
production by the female of eggs or young without the 
fertilisation of the egg-germs within the female, by the 
stimulative elements necessary to the production of 
young in the higher animals. It is not, however, a 
chance phenomenon, appearing aS a race-preserving 
expedient, on the sudden failure of male forms, but 
one of Nature’s resources for preserving the continuity 
of species. It is constant in many species of the 
Hymenoptera, in the form of what is known as the 
alternation of generations ; in some species, however, it 
is supposed to be the sole form of reproduction, for 
the males of these species have never yet been dis- 
covered. Whether we regard the fertilisation of the 
female egg-germs by the male elements as dynamic or 
stimulative, or as merely a matter of the interchange 
of character determinants between the two sexes, it 
appears to be beyond a doubt that a continuous succes- 
sion of virgin-reproductions must inevitably tend to 
the degeneration and ultimate extinction of the race. 

Parthenogenesis, or virgin-reproduction, may be of 
three kinds. First, resulting 
in the production of the 
male sex only ; second, of 
the female alone; and, 
thirdly, in cases when the 
young are produced not as 
eggs in the first instance, 
but alive, as in the case of 
the plant-lice, or Aphide. 
It seems that partheno- 
genesis doeg not favour the 
production of one sex more 
than another. We should 
therefore be cautious how 
we accept too hastily the 
commonly received belief 
that male bees are neces- 
sarily the offspring of non- 
fertilised eggs. It by no 
means follows that because 
an egg was not fertilised 
that therefore the sex pro- 
duced in it is the direct 
result of non-fertilisation. 
The question, however, is 
still a matter of contro- 
versy, and more evidence 
is needed before final con- 
clusions can be reached, 
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That the members 
of this order are, on 
the whole, useful to 
man cannot be 
doubted—more_ use- 
ful, perhaps, than the 
majority of insect 
forms — whether as 
bees, with their 
honey - storing = in- 
stincts, or as the 
ichneumon tribes 
dealing destruction to 
thousands of the 
larvae—those insect 
pests which would 
otherwise work ter- 
rible havoc with our 
corn crops and garden 
produce, On the 
other hand, it must 
be confessed that the 
larve of the saw-flies 
often work damage to 
the folage of forest 
trees, while in many 
tropical climates.ants 
are a devouring 
scourge to all that 
belongs to man, and may greatly annoy man himself. 

We must now leave these introductory lines, but, 
before passing on to a more or less detailed description 
of certain species and their peculiar characteristics of 
structure and of habit, the subjoined outline of classifi- 
cation of the various families of the order will give a 
general idea of the different groups, which are more 
obviously separated by certain broad distinguishing 
characters. 
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Order HyMENOPTERA 
Suborder SESSILIVENTRES 
I. Family TENTHREDINID£—Saw-Flies 
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Suborder PETIOLATA 
Section PARASITICA 
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Family Formicip#—Social Ants 
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The saw-fly group (suborder Sessiliventres) contains 
the various species of saw-flies, and may be subdivided 
into the saw-flies proper (Lenthvedinide) and the 
wood-borers, or tailed-wasps (Sivicid@), although it also 
comprises the little pith-boring Cephid@ and the rare 
and little-known species of Ovysstd@. The food of the 


, PINE SAW-FLY, WITH LARVZ AND OPEN AND SHUT PUPA-CASES ,; 2 
FLY, WITH LARVZ ON NEST 


BROAD-BODIED SAW- 


larve of these insects consists entirely of vegetable 
matter. In the case of the first-named family, the 
leaves of trees and shrubs; in that of the second, 
the solid wood of various trees; and in the case 
ofthe third) the tender pith) of (the, stalks ‘on nye 
and also the shoots of pear and other trees. 

Such grubs as are internal feeders are either limbless, 
or have at most six more or less rudimentary thoracic 
legs. Those, on the other hand, which live a free lite 
and feed on foliage are very similar in general appear- 
ance to lepidopterous larve, from which they may be 
distinguished by the greater number of their legs; 
these varying from twenty to twenty-two, whereas 
those of the Lepidoptera have but sixteen at most. 

They also differ by the shining and almost naked 
skin, and the curious habit possessed by many of 
curling inwards the posterior segments, raising them at 
the same time and depressing them with a rhythmic 
movement. This action, which may be for the purpose 
of frightening away foes, coupled with the melancholy- 
looking eyes, gives them a grotesque appearance, not 
observable in the caterpillars of the Lepidoptera, save in 
a few instances. When full-grown, the majority of the 
larvze leave the food-plant and spin in or on the surface 
of the ground, or under dry leaves and moss, a barrel- 
shaped cocoon in which they pass the winter, turning to 
a chrysalis only a short time before the perfect insect 
emerges. At least a thousand species. are. known, 
though this is probably but a small moiety of those 
that exist. : 

STEM SAW-FLIES 

The larve of the slender, delicate, armoure1-stem saw- 
flies (family Cephid@) pass the lives in the stems of plants 
or young shoots of trees ; and the adults are character- 
ised by the saw of the female being partially concealed 
by two integumental flaps. As an example of the 
typical genus, we may take the corn saw-fly (Cephus 
pygmaeus), of which the perfect insect fies actively in 
the sunshine, flitting from blossom to blossom among 
buttercups.in May, and thence onwards through the 
summer. 

The larve cause serious damage on the Continent 
to rye-crops, and more rarely in wheat-fields, where 
they crawl up and down within the stems, feeding 
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on the delicate tissues. When full fed, they con- 
struct a transparent cocoon in which to pass the 
winter, becoming pupae, and a little later in May 
emerging as full-grown saw-flies. The parasitic insect 
(Pachymerus calcitratoy), figured in the illustration on 
page 1900, is one of the petiolate Hymenoptera which 
seems to be exclusively parasitic on the present species. 


TAILED-WASPS 
In the family S?ricid@ the female is furnished with a 
long, boring ovipositor for piercing the bark of trees ; 
the eggs being laid in the orifice thus formed, and the 
larve feeding on the wood. In the accompanying 
illustration of the boring apparatus of one species, ¢, ¢, 
a, shows the whole of the muscular structure 
with which the boring is carried out. The 
perfect insects are usually of large size and 
conspicuously coloured. Among the typical 
forms the common tailed-wasp (Sivrex 
juvencus) iS a very rare species in England, 
although more plentiful on the Continent. 
The females, which are sometimes surprised 
in the act of depositing their eggs on pine- 
trees, may be easily caught, as the ovipositor 
can only be withdrawn with considerable 
difficulty. Indeed, the abdomen breaks in 
half if the insect be roughly grasped. 
The much larger giant tailed-wasp (S. 
gigas) is far commoner among pine-trees, 
and is distinguished by its bands of black 


and yellow. Although it does considerable 
damage, it does not attack a perfectly 
healthy tree, unless recently felled. How 
long the larve may live in the interior of 
the tree, and how long it is before the per- 
fect insect appears, 
is not known, but 
cases are often 
quoted of this in- 
sect appearing in 
houses soon after 
their completion, 
having evidently 
emerged from the 
wood of the joists 
and beams. 
Another genus is 


well represented 
by the  broad- 
bodied  saw-fly 


(Lyda campestris). 
In this species the 
grubs feed on the 
young shoots of the 
Scotch fir, in which 
the eggs are laid. 
When hatched, the 
larve spin a slight 
web, in which they remain concealed, protruding the 
fore part of the body when feeding on the pine-needles. 
When all the needles in the neighbourhood have been 
devoured, the web is extended, so that a greater 
number of young shoots may be embraced and de- 
stroyed. The perfect insect is shining blue-black, with 
some of the abdominal segments reddish yellow. 


TRUE SAW-FLIES 
In the exceedingly numerous and widely distributed 
group of true saw-flies (family Tenthredinide), a well- 
known example is the pine saw-fly (Lophyrus pint), of 
which the larve are sometimes found in such numbers tn 
pine-woods, where they feed upon the needles, that the 
trunks are often coloured yellow and the branches 


A, FEMALE ; B, MALE; AND C, ENLARGED BORING APPARATUS OF GIANT 
TAILED-WASP 


weighed down. Towards the end of July, the perfect 
insect emerges by gnawing off the cap of the barrel- 
shaped pupa-case. The eggs are laid in incisions 
made in the needles, these wounds being subsequently 
closed with a viscid secretion which protects the eggs. 
As many as twenty eggs may thus be deposited in a 
single needle. When young, and also just before 
turning into pupe, the grubs are very susceptible to 
sudden cold or heavy rain, which will kill off thousands. 

In addition to these destructive agencies, nearly forty 
different kinds of parasites infest the grubs, while 
mice devour numbers of the pupe. The illustration 
shows all the stages of development, one of the grubs 
being drawn in the act of endeavouring to ward off 
the attacks of a parasite by the ejection from 
its mouth of an offensive fluid. 

To the same family belongs the turnip 
saw-fly (Athalia spinarum), which is one of 
the most destructive species. The perfect 
insect appears in May from larve which have 
passed the Winter in their pupa-cases, and 
lays its eggs upon the leaves of rape and 
turnips, as many as two hundred or three 
hundred eggs being often deposited by a 
single female ; and in September and October 
the ravages of the green and black larve 
become only too evident. The grub is full 
grown in October, when it descends to the 
surface of the earth, and forms a cell of earth- 
grains, in which it passes the winter. ; 

The majority of the members of the family 
belong to the typical genus Tenthredo, and 
are elegant, active insects, which alone of all 
the saw-flies exhibit a carnivorous habit. 
It is not easy to distinguish the males from 
the females, though 
the difference in 
the colour is of 
some assistance. 
It has been noticed, 
for instance, that 
in cases where the 
abdomen of the 
female is entirely 
black, that of the 
male is black and 
red. Of the green 
saw-fly(T. scalaris), 
the larva is com- 
mon on the willow, 
and is pale green 
with black spots on 
the back, some- 
times blending to 
form acentral band. 

The pretty brush- 
horned rose saw- 
Waera, fly (Hylotoma rose), 
which in size and colour closely resembles the turnip saw- 
fly, extends throughout Europe ; the larva being found 
from July to October on the wild and cultivated roses. 

Regarding the action of the saws, Dr. Sharp says: 
“There is no difficulty in observing the operation ; 
indeed old Réaumur, when speaking of the placid 
disposition of the saw-flies, suggests that it was given 
them that we may easily observe their charming 
operations. Wecannot but regret we are unable to take 
so complacent a view of the arrangements of nature.” 

When turning to a pupa, it spins an outer meshed 
envelope, and amore densely woven inner one ; early 
larve pupating at once, and emerging as perfect 
insects early in August. The later broods, how- 
ever, pass the winter in the pupa case, and appear 
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in the following spring. The female makes an incision 
on the twigs of rose-bushes, in which she lays her eggs, 
after which the twig withers away. 


PETIOLATA 
The insects belonging to the second subdivision of the 
order are distinguishable from the last by the petiole, or 
short stalk joining the abdomen to the thorax. Sometimes 
this stalk is so short that the abdomen and thorax are 
closely united, while in others itis longer, and thus these 
characters form a fairly natural subdivision of the sub- 
order Petiolata into the pseudosessile and pedicellate 
forms. For general purposes they may, however be 
divided into Parasitica, or those in which the females are 
furnished with an ovipositor, and Aculeata, or those in 
which the ovipositor has become modified into a retractile 

sting. 
GALL-WASPS 


Of the former, or parasitic, section of the suborder, our 


first representatives are ee ee 
the iesraeps (Cynt- SS 
pide), all of which are 
small and inconspicuous 
insects, varying in 
colour from black to 
brown and_ brownish 
The wings are 
furnished with few | 
nervures, and the dark | 
stigma on the anterior | 
margin is absent ; while 
in some species the } 
females have the wings | 
either rudimentary OF | 
altogether wanting. Of 
the galls so common on 
the foliage of trees and } 
other plants, some are | 
produced by beetles, 
aphides, flies  (gall- 
midges), and others by 
the members of the 
present family and 
some of the Tenthre- 
dinide. 

In the _ gall-wasps 
each species selects § 
some special portion of | 
the plant for its attack, | 
which it pierces with 


I, TURNIP SAW-FLY AND LARV#; 2, 3, MALE AND FEMALE ROSE SAW-FLIES WI 


GALL-WASPS WITH GALLS 


As to what 
gives rise to the re- 
sultant gall, which 
follows sooner or later 
upon the wounded 
plant, is not known 
with any certainty. It 
has hitherto been sup- 
posed that the fly 
injects an_ irritating 
fluid into the wound, 
but recent researches 
tend to show that this 
serves rather as an 
adhesive security to 
retain the egg on the 
Selected spot) amalumnis 
probable that the 
ie ee different stimulative 
TH LARV# ltitants offered, first 

by the inflicted wound, 
next by the presence of the eggs, and thirdly by the 
movements of the larva atter it is hatched, together 
with the action of a fluid exuded by the grub itself, 
all tend to produce the strange modifications of cell- 
structure which manifest themselves in the forms of 
the various galls. 

The larve of the Cynipide almost entirely’ feed 
internally upon galls produced on oak-leaves and the 
oak-blossoms. These galls are entirely closed, and the 
grub dwells within a hard cell, called the larval chamber. 
In some cases there may be several such chambers, as, 
for instance, in the bedeguar gall on the wild rose-tree 
formed by Rhodites rose. Wehave said that each species 
confines itself to one portion of the plant, and the form 
of the gall is the same; but an exception is furnished 
by the galls of Spathegaster baccarum, which occur upon 
the leaves as well as on the flower-tassels of the oak. 

The phenomenon known as_ the 


exactly 


Ze aN 
AND PARASITES 


its ovipositor, and lays 
an egg in the wound. 
D 34 


1, sponge gall-wasp, with an old gall—beneath is a new gall, whence the wasps have not yet made tneir exit; 2, oak-root 
gall-wasp, with its gall ; 3, bramble gall-wasp, with its gall; 4, a gall of the same slit in half ; 5, Synergus facialis, and 6, 
Figites scutellaris, parasites ; 7, |balia cultellator, parasitic on Sirex juvencus 
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generations—that is to say, where sexually and asexually 
produced generations alternate with each other— 
has been clearly shown to exist amongst the Cynipide. 
It is a remarkable fact, too, that the galls produced by 
a parthenogenetic female are different in form from 
those produced by a female originating from the 
normal sexual pro- 
cess. The insects 
produced by these 
different galls were 
for many years 
looked upon as dis- 
tinct species. It is, 
of course, on the cell- 
tissues of the gall 
that the larve of the 
Cynipide feed and 
thrive; they them- 
selves, however, in 
their turn being sub- 
ject to the attacks 
of numerous — hy- 
menopterous  para- 
sites of various kinds. 

Of the typical 
genus, we may take 
the common oak gall- 
wasp (Cynips foliz) as 
a familiar example. 
It is a_ glistening E& Lgl ee 
black insect, which ; : saa 
forms an oak-gall on 
the under side of 
oak-leaves. A parasite (Torymus regius) lays its own 
egg upon the larva of the Cynips lying within the 
gall, when the latter is about half grown. Another 
species (Cynips gemme) is produced from conical scale- 
covered galls, sprouting from the young shoots of the 
Oak, in the interior of which the grubs feed. The 
illustration on this 
page shows the gall 
produced by insects 
of this species. 


Io the ~ same 
family belongs the 
sponge gall - wasp 
(Levas terminalis), 


which emerges from 
many - chambered 


spongy galls. In 
spring these galls 


are light coloured ; 
but later on, when 
the insect has made 
its escape, become 
brown. The female 
insects may or may 
not possess wings, 
whereas the males 
are always provided 
with these append- 
ages. Upwards of 
forty parasites have 
been reared from 
the galls of this 
species. Yet another 
familiar type is the 
bramble gall-wasp 
(Diastrophus rubt), 
which in spring 
produces hard and 
often twisted swell- 
ings on bramble- 


ROSE GALL-WASP AND ITS GALL 


OAK GALL-WASPS 


1, Cynips folii on its gall ; 2, Torymus regius, its parasite ; 3, gall of Cynips gemmz 


which in due course emerge the 
perfect insects. In the figure on page 1903 is shown 
the oak-root gall-wasp (Bioriza aptera). In this 
form the female is wingless, but the male is unknown. 
The galls are formed on the rootlets of the oak- 
trees beneath the surface of the ground. 

In the common 
rose gall-wasp (Rho- 
dites yvose@), which 
produces the _ so- 
called bedeguar gall 
on roses, the larve 
are full-fed in 
autumn, although 
the perfect insect 
does not appear till 
the following spring. 
Their beautiful, 
mossy, pink-tinted 
galls furnish a home 
for many other in- 
sects, such as various 
species of Synergus, 
but especially para- 
sites belonging to 
the families Piero- 
malide and Bra- 
conide. Synergus 
facialis, of which a 
figure is given in the 
lower illustration on 
page1go3,1s parasitic 
on the gall-wasps. 
So, too, is Figites scutellavis, shown in 6 of the same 
illustration. These are gall-wasps, so far as structure 
is concerned ; but as regards their habits they are in no 
way different from ichneumons, living in the larval 
state in the bodies of various insects. Figites scutellaris, 
as well as most other members of the group, is parasitic 
on the larve of the flies; while Jbalia cultellator is 
parasitic on the 
larve of the giant 
saw-flies. 


stems, from 


EGG-WASPS 

The members of 
the obscure family 
Proctotrypide are 
minute insects, with 
scarcely a trace of 
nervures in the 
wings in some 
species, and _ the 
ovipositor protrus- 
ible and withdraw- 
able at 


Wr SS 


pleasure. re Oe N 
Though some of the ; 
species are wholly 


unlike the Acu- 
leata, yet .others 
approach them so 
nearly in general 
characters that the 
present  classifica- 
tion must be re- 
garded as tentative. 
The habits of these 
minute insects are 
imperfectly known, 
though some are 
parasitic on the 
eggs of insects and 
spiders. The perfect 


EGG-WASPS 


1, Teleas leviusculus ; 2, Teleas terebrans } 3, 
eggs of a moth with a Teleas upon them about 
to pierce and lay its eggs within ; 4, eggs 
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PARASITIC 


insects, small and black, with variously-shaped plumose 
wings, seem to prefer damp, dark localities, such as are 
furnished beneath fallen leaves and débris of hedges. 
Here also may be placed the two species of egg- 
wasps (Teleas leviusculus and T. tevebyans), which are 
both of shining black and very minute insects. They 
are shown in the accompanying illus- 
tration buzzing round the eggs of a moth, 
into which they are ready to insert their 
own. The females usually deposit their 
eggs in those of the family Bombycide, as, 
for instance, those of the common lackey. 


PARASITIC GALL-WASPS 


The family Chalcidide includes a large 
number of small, brightly-coloured insects 
with metallic lustre, nearly three thousand 
European species being known, while the 
tropics have not yet furnished their con- 
tingent of species. The antenne are always elbowed, 
and the wings broad, with few nervures. Some of the 


larve live in galls, devouring the grubs of the gall-wasp 
or those of the other inhabitants of the galls. 
scale-insects, 


aliine 
members of the present order, and 
plant-lice, are alike sub- 
ject to the attacks of the 
species of this family. 
One species (Leucopsis 
gigas), found in Southern 
Europe, lays its eggs in 
the larve of a mason-bee, 
which makes a cell of hard 
cement to protectits grub. 
The attacker has a boring 
apparatus, and it is a 
problem how it ascertains 
the whereabouts of a 
grub, bores through the 
hard masonry, and lays 
eggs in the inmate. The cells are not distinct, but 
the whole number, which are made ina sort of colony, 
are covered with cement, so that the task is doubly 
difficult. With the divining powers apparently situate 
in the antenne, a suitable spot is chosen, and after, 
it may be, an hour or so of continuous boring, 
the succulent mor- 
sel is reached and 
the egg laid. How 
the wasp ascertains 
where the grub lies 
is unknown. It 
seems to have the 
power, if not of 
seeing, at any rate 
of feeling literally 


through a_ brick 
wall. 
Omiemo te atshie 


largest members of 
the family is the 
gouty-legged wasp 
(Smicra  clavipes), J Ma LP 
the egg of whichis Diaz eee 
laid in the larve 
of certain water- 
insects. The wasp 
is glistening black sofa 
with reddish legs, and has the wings better furnished 
with nervures than other members of the family. In 
the chrysalis-stinger (Pteromalus puparum) the egg is 
laid in the chrysalis of several common butterflies 
during summer, while the larve remain in their host 
all through the winter sometimes to the nunber of fifty. 


GOUTY-LEGGED WASP 


aN 


VARIOUS CHALCIDIDZ AND THE CHRYSALIS STINGER 


ICHNEUMO 

1, Exenterus marginatorius, about to sting larva of Lophyrus pini; 2, pupa-case of the latter with 

parasite emerged ; 3, with the proper saw-fly emerged ;! 4, Bassus albosignatus, about to attack a 
Syrphus-larva ; 6, Banchus falcator ; 7, pupa of ichieumon 


GALL-WASPS 


ICHNEUMON-WASPS 

Che species included in the vast family Ichy:umonide , 
number upwards of six thousand, and doubtless more 
remain to be discovered. The majority are parasitic 
on the larve of Lepidoptera, rendering good service 
to the agriculturist and gardener by holding in check 
the enormous quantities of larve hatched 
every year. Some, however, attack other 
insects, as well as spiders. The importance 
of these insects in forestry is also fully 
recognised. During pest-years they rapidly 
increase in numbers until what may be 
called the equilibrium of Nature has been 
regained. It has even been proposed 
to breed them artificially, but this appears 
too difficult and too expensive. 

The family is distinguished by the 
structure of the wings, though these 
appendages vary too slightly to be of 
much value for generic or specific purposes. The 
antenne: are of uniform thickness, many-jointed, and, 
as a rule, filiform, though in some exceptional cases 
club-shaped. The ichneumon-wasps do not hum, either 
when quiescent or on the wing, and are thus enabled 
to approach the victim 
within whose body they 
wish to lay their eggs 
with a greater chance of 
success. 

Having selected a 
suitable caterpillar, the 
female deposits an egg 
with her ovipositor either 
on or beneath its skin. 
The egg soon hatches, 
and the grub _ feeds 
upon the tissues of the 
larve until full-fed, 
when they pupate in or 
around the now almost empty skin of the caterpillar. 

The family has been divided into five groups, 
sufficiently distinguished from each other in their 
typical forms, but merging into one another through 
transitional species. Our first example is the ichneumon 
(Exentertis marginatorius) figured in the illustration 
on this page, which 
belongs to the 
subfamily Try- 
phoning, and is 
found chiefly in 
pine-woods, where 
it is parasitic on 
Lophyrus pint, 
described on page 
tg01. The female 
attaches an egg by 
means of a hooklet 
to the skin of the 
green larve, when 
nearly full grown. 
When , the insect 

. a forms. its  barrel- 
eS Bey shaped pupa, in 
which to pass the 
winter, the para- 
site remains at- 
tached to the skin 
of the larva, whose tissues it gradually absorbs. 

The perfect insect makes a small hole in the pupa- 
case when it emerges, and does not, as does L. pinz, bite 
off a little cap atthe top. Another typeis Bassus albo- 
signatus, which frequents the honey-dew dropped by 
aphid colonies. It lays its eggs on various larve which 
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feed upon the aphides. In the allied genus Banchus the 
species are parasitic on caterpillars, especially those of 
the hawk-moths. The affected larve do not even reach 
the pupal state, but shrivel away, while the parasites 
form pupe within the empty skin. 

The members of the typical genus and subfamily, 
such as Ichneumon pisovius, are among the largest and 
most brightly coloured of the group; their colours, 
which are white, black, red, and yellow, occurring in 
great variety of combination. The females are usually 
more brightly coloured than 
the males. The former sex is 


easily distinguished by the 
filiform antenne, which are 
sometimes knotted, and may 
be observed to coil after the 
insect is dead Many fine 
species may be taken from 


moss in the spring, where they 
hibernate, though the great 
majority appear in the summer, 
and do not live through the 
winter. 

The European species named 
is one of the largest, and may 
be regarded as typical of the 
general appearance of mem- 
bers of the family. It is found 
from June onwards in pine- 
woods, where it attacks the 
larve of the pine hawk-moth, 
depositing a single egg in each 
victim. The caterpillar maintains its general health, 
and passes into the chrysalis state as though nothing 
were amis3;; the only difference being that a large 
ichneumon fly emerges instead of the expected moth. 
An illustration of the parasite is given in the illustra- 
tion below, together with a pupa-case, with the cap 
removed, whence the fly has escaped. 

Of the other forms here figured, the male of Cryptus 
tarsoleucus gives a good idea of the general appearance 
of the males of the 
ichneumons, with 
their narrow, elon- 
gate abdomen. All 
tie Species of 
Cryplus are para- 
sitic on the larve 
of the  saw-flies, 
and the Bombycide, 
the female laying 
several eggs in each 


Female to the left, stinging the larva of the satin-moth. 
right is the moth, beneath it the pupa, from which emerges the 
adult, while the male of the parasite is seen below 
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those of superior size. They may be seen flying about 
in woods in summer, in search of the wood-boring 
larve in whose bodies they lay their eggs. 

With intelligent agility the female hurries over the 
trunk, but by what sense she ultimately detects the 
presence of a larva within, and directs the ovipositor 
straight down to the spot, it is impossible to say ; 
sight can be of no assistance, nor, one would judge, 
can touch. Can the antenne be used, as the 
divining-rod is supposed to be used in the search for 
water, when commonsense 
methods have failed? Pos- 
sibly, however, the sense of 
smell assists, and thus the 
seemingly miraculous becomes 
once more a commonplace. 
The females apparently follow 
the borings of the larve, for it 
would be next to impossible 
for them to penetrate the hard 
fibres of the timber in which 
their victims burrow. 

One of the commonest mem- 
bers of the family, and one of 
the largest English forms, is 
Pimpla instigator, which preys 
upon many species of larve, 
especially those so destructive 
both in gardens and the forests. 
The perfect insect may be seen 
on tree-trunks, in woods and 
hedgerows, searching for larve, 
with its wing raised, ready for instant action. The 
illustration represents this species attacking the larve 
of the satin-moth. 


To the 


OTHER ICHNEUMON-WASPS 

The members of the family Bracontd@ are very similar 
in general appearance to those of the last, though the 
differences in the number and form of the cells enclosed 
by the wing-nervures forms an easy distinction. In 
habits, the Bra- 
conide are similar 
to the Ichneu- 
monid@, attacking, 
as a rule, the larve 
of Lepidoptera, al- 
though they are 
found as well in 
those of other in- 
sects. Upwards of 
a thousand para- 


larva. A fine hand- sitic grubs of the 
some form is the genus Microgaster 
one known as have been taken 
Mesostenus gladia- from a single 
toy, on account of caterpillar. wie 
its long, needle-like y must be remem- 
ovipositor. It flies SSE SS ee meee) bered that the 
in June, and may ICHNEUMON-WASPS grubs are noe 


be found in the 
vicinity of old 
crumbling walls, 
where bees of various kinds 
holes and crevices. 

In the same illustration is figured Ephialtes manifest- 
atoy, representing the subfamily Pimplarviine. In some 
members of this group the ovipositor issues from a 
ventral cleft in the abdomen, and in others from the tip 
itself, the instrument being sometimes three times the 
length of the entire body. All the species of the genus 
are much alike in general appearance, the smaller 
kinds being parasitic on small larve, and the larger on 


make their nest in the 


1, Ichneumon pisorius, male, and empty pupa of pine hawk-moth, whence the parasite has emerged ; 
2, Cryptus tarsoleucus, male; 3, Mesostenus gladiator, female; 4, Ephialtes manifestator, male and 
female, the latter laying her eggs 


in reality gnawing 
at the vitals, but 
are nourished by 
the fluids circulating through the system. 

As an example of the family, we may take the 
genus Microgastey, which comprises many of the 
commonest species. The females of all, except 
two, which are parasitic on Aphides and the eggs 
of spiders, attack the larve of Lepidoptera, 
especially those clothed with hair. They are them- 
selves the victims of the attacks of a species of 
ee genus of Hymenoptera briefly noted 
above. 
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JAVELIN-WASPS 

In the family Evaniide the abdomen is attached 
above the middle of the metanotum, not to its lower 
margin. Among these is the javelin-wasp (Faenus 
jaculator), a species parasitical on Hymenoptera, which 
breed in old walls. In the typical genus Evania the 
species are believed 
to be parasitic on 
the cockroach, de- 
positing their eggs 
in the egg-capsules, 
and this habit will 
account for the 
presence of a cer- 
tain species on 
board ships, where 
eOnCikit O12 Che's 
abound. 


BURNISHED WASPS 


The members of 
the family Chrysi- 
did@é are not easily 
mistaken for those of any other, being of moderate 
size, and distinguished by the brilliancy of their colour, 
not only in the tropics, but even in temperate 
climates. The integuments are more or less coarsely 
punctured, and the ‘whole body glistens with metallic 
lustre, golden yellow, fiery red, blue, 
and green, all these being, as a rule, 
in combination. The perfect insects 
are most numerous in the summer 
months, and may be observed among 
flowers, on decaying timber and old walls. 
The females lay their eggs in the nest 
of the various burrowing Hymenoptera. 
It is probable that the grub devours 
the store of food garnered for its own 
progeny by the careful mother. Pos- 
sibly it makes little distinction between 
the food supply and the tissues of the 
organism nourished by them. The 
common ruby-tailed wasps belong to 
this family. 

The golden burnished wasp (Sitzdbum 
splendidum) is entirely steel-blue or 
golden green. It occurs on the shores 
of the Mediterranean, and is also found 
in Asia. It is one of the largest of the 
European forms. Among these, the 
burnished blue wasp (Chrysis cyanea) 
is universally distributed throughout the 
whole of Europe. The females lay their 
eggs in the larve of. those species of 
Hymenoptera which make their nests 
in bramble stems. 

The common golden wasp (C. ignita) 
may be seen flying in search of the 
larve of Hymenoptera whose burrows 
are made in old posts, walls, sand- 
pits, and other such places, Of the 
royal gold-wasp (Hedychrum lucidulum), 
another of the commoner and more 
beautiful species, a figure appears in 
the illustration above. In __ the 
same illustration is also shown the 
brazen-tailed wasp (Elampus @neus), 
of which the female deposits her ; 
eggs in the grub of a small species of the Sphegide. 


SOCIAL ANTS 


The ants bring us to the section Aculeata, the 
members of which differ from the preceding section 


f 
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BURNISHED AND GOLD WASPS 


1, golden burnished wasp; 2, burnished blue wasp; 3, common gold wasp; 4, royal gold wasp, 
female; 5, brazen-tatled wasp 


MICROGAST ER NEMORUM 


Her larve are shown feeding on a large 
caterpillar 


ANTS 


in that the females are furnished with a retractile 
sting in place of an ovipositor. Asa family (Formicidae) 
ants are characterised by having the first segment of 
the abdomen, and sometimes also the second, reduced 
in size to form a stalk for the rest of the abdomen. 
The workers, are without wings. On 
account of their 
remarkable habits 
and _ intelligence, 
these insects de- 
mand a fuller 
notice than is 
accorded to other 
groups. Asregards 
their visual powers, 
ants_are very sen- 


moreover, 


sitive. While dis- 
liking any strong 
light suddenly 
thrown into their 
nests, they prefer 
rays transmitted 
thir owe bh ayened 


medium, but object more to those coming through 
green and yellow, while those through a violet medium 
they abhor. 

Though sight is well developed, hearing seems much 
less so, vibrations of the air produced by tuning-forks, 

- , violin-strings, or whistling being little 

_ heeded. Neither has any sound emitted 
by the ants themselves been detected, 
even with the most _ sensitive in- 
struments, 

The sense of smell is evidently keen, 
for brushes dipped in scent arouse 
distinct curiosity. When the scent 
left in its track ‘by an ant. is ob- 
literated, the ants next following are 
baffled, like hounds at fault, until, 
after a little casting about, they pick 
it up on the other side. In seeking 
for an object of whose existence and 
position they are aware, ants make 
use of both sight and smell; but it 
is in the latter that they place most 
confidence, for if the object be removed 
only the space of an inch from its 
position the ant in search of it will 

make a number of cross journeys over 
the old resting-place before it is suc- 
cessful. The scent, too, seems to be 
rather that left by former footsteps 
proceeding from the object itself. This 
sense of smell, and perhaps touch com- 
bined, is obviously manifested in the 
caressing or recognition of friends with 
the dehcate antenne. 

The mysterious sense of direction is, 


after all, but sensitiveness to the 
direction in which the rays of light 
fall from a luminous object, and, as 
such, is but a form of sight. This is 


proved as follows. Ants made to cross 
a wooden bridge would, in most cases, 
instantly turn round, if their heads 
were turned in an opposite direction, by 
the bridge being made to rotate on a 
point. And they would at once lose the 
sense of direction if the light was shut out from the 
artificial track prepared for them, while if the candle 
were moved round in the same direction as the bridge 
over which they travelled, though the direction be 
changed, the ant does not become aware of it, because 


1907 


HARMSWORTH NATURAL HISTORY 


the rays of light fall from the same point. Nevertheless, 

‘the sense of smell is evidently the stronger, for ants 
carrying larve from a cup to the nest still continue 
their course, although the board on which they are 
travelling be turned right round. They follow the 
scent of former tracks rather than take notice of the 
direction in which the light falls. 

It is obvious:that without some faculty representing, 
at any rate, the rudiments of-memory, ants would not 
be able to recognise even the scent left by comrades 
on the ground, nor would they persistently seek for 
an object which had been removed. They exhibit, 
however, all the phenomena of true memory. A 
fact, by repetition, becomes more firmly fixed as a 
sense-impression on their brains. It fades away if 
not xefreshed. Evidence in -favour.of a highly 
developed sense of memory is furnished by the fact 
that ants from a certain nest were in the habit of 
journeying year by year, during the season of activity, 
to a chemist’s shop, not six hundred yards distant, 
to a syrup-jar. It is scarcely likely that the jar was 
found every year by fresh ants, so that memory alone 
will account for the circumstance. 

It is, perhaps, in the recognition of friends, however, 
that ants manifest the most extraordinary powers of 
memory. They invariably recognise a friend, while 
a stranger is almost instantly slain. Ants held captive 
for months, and returned to the nest, are recognised 
as lost friends, and caressed with the antenne. This 
recognition might be merely a matter of the well-known 
odour of a friend; but even then it must be a national 
smell, for it is scarcely possible that each can recognise 
the personal scent of every individual. Not only do 
they recognise the perfect ants, but even the offspring, 
or eggs, removed or hatched in other nests, and 
returned home full grown, are recognised as kith and 
kin, while their foster-mothers are slain. One can 
hardly suppose that the 
scent, unless such be in- 
herited, would account for 
such recognition. 

Whereas ants show evi- 
dence of such feelings as 
rage and combativeness, the 
emotion of sympathy is by 
no means as constant or 
intense as might be sup- 
posed from their general 
intelligence and power of 
recognising friends. Muti- 
lated ants, and those in 
difficulties, are passed by 
on the other side; but an 
intoxicated ant staggering 
in its tracks does not fail 
to excite astonishment, and 
is carried off as a sort of 
curiosity to the nest. 
Chloroformed ants, how- 
ever, are dropped into the 
water, where they are of 
course, motionless. 

‘That ants have the power 
of communicating intelligence admits of no doubt. 
Two ants were introduced, the one to three hundred 
or six hundred larve in one glass, the other to two or 
three in another glass. Each took a larva and returned 
to the nest. A larva was added to the second glass 
every time one was taken. In forty-seven and a half 
hours the ant which was introduced to the six hundred 
larve had brought two hundred and fifty-seven friends 
to help, while the other in fifty-three hours had brought 
but eighty-two. 


RED WOOD-ANTS 


The swarms of ants which in spring rise in clouds 
are males and females. This is their nuptial dance, 
and for hours they circle and sport in the sunshine, 
The males fall and die, or are destroyed by numerous 
foes. Nor is any assistance offered them by the 
workers, who well know that their vocation in life 


has been fulfilled, and they themselves are no longer 


of any use. The females, having divested themselves 
of their wings, with claws and legs, set about founding 
new colonies. The eggs, however, must be nursed if 
they are to hatch, and are subjected to much licking 
by the nurses. Then the larve must be fed; next, 
they are carefully cleansed and carried for their daily 
Walle through the lanes of the nest. 

Not even after the grub has become a pupa is the 
ant allowed to emerge without assistance. Buchner 
writes that “the little creature when freed from its 
chrysalis is still covered with a thin skin, like a little 
shirt, which has to be pulled off. When we see how 
neatly and gently this is done, and how the tiny 
creature is then waSiked, brushed, and fed, we are 
involuntarily reminded of the nursing of human 
babies.”” Next, they are taught their domestic duties, 
and to distinguish between friend and foe. If the nest 
is attacked, the older and more experienced fight, 
while the younger members remove the pupe to a 
place of safety. 

Ants not only feed upon the honey-dew dropped 
by plant-lice upon feaves, but also rear aphide eggs, 
and feed the insect for the sake of their secretion. 
Tunnels, or covered ways, are made by some ants 
up the branches of the trees where the aphides live, 
so that the insects are enclosed and kept prisoners. 
Certain portions of the tunnels are enlarged to form 
stables, where the aphides are penned, the “doors being 
large enough for the narrow ants to enter and leave, 
but not for the rotund plant-lice to escape. The 
“cows” are induced to part 
with a drop of honey-dew 
by a gentle stroking with 
the antenne, and general en- 
couragement of other kinds. 
Ants are far in advance of 
human dairymaids in the 
matter of tact in dealing 
with their cows. Colonies 
of aphides have been carried 
by ants to fresh pastures. 

It is no long step from 
cow-keeping to slave-making. 
At least three species of 
ants indulge in this repre- 
hensible practice. <A raid 
is organised against a neigh- 
bouring nest—warriors and 
workers are slain and the 
pupe carried off, hatched, 
and reared, soon to work 
and fight for their masters 
in the land of their captivity. 
In some cases the slaves 
are kept for indoor occupa- 
tion, and are carried off, as 
part of their goods and chattels, by their masters, 
when they migrate into new quarters. Another species 
does not work at all, neither males nor females; the 
workers—sterile females—capture slaves, but do no 
more. They neither feed their young nor make their 
nests—a city- state entirely dependent on slave-labour. 

Not only, however, do slave- -making ants engage in 
expeditions against other communities for the purpose 
of securing servants, but even many ants whose 
energies are confined to agriculture not infrequently 
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wage war for the sake of plunder on others ' 
whose habits of life are similar. An ex- ._ 
pedition of the former tribes usually consists 
of a general attack upon the nest of a species 
which they are in the habit of enslaving. 
Single scouts are sent out to reconnoitre, 
whose business it is to investigate the position 
of the nest and the whereabouts of the en- 
trances. Having satisfied themselves of the 
feasibility of an attack, they return to their 
own nest, and summon forth the hosts of | 
ferocious warriors. These, encouraging one 
another with taps of the antenna, march on 
the unhappy colony whose baby inhabitants 
they propose to enslave. 

Of all the warriors the most warlike are the 
Amazons (Formica rufescens), robber-ants of 
great size, strength, and courage. A column is 
formed, and, guided by the scent of their prey, 
as they come within the radius of their victims’ 
pathways to and from their city, in hundreds 
they rush onwards. Anhour,itmay be, after the 
start, the nest is reached and entered, and soon 
thestruggle becomesa furious battle, onthe one 
hand tosave, onthe other tocarry off the larve. , 

Up the neighbouring trees the owners fly with 

their precious burdens, a harbour of refuge, secure trom 
danger, for here the Amazons cannot follow—specialised 
to kill but not to cimb. Others hang on the flanks of 
the retreating columns and harass the thieves bearing off 
thetenderpupz. A nurse seizes one end of her nursling, 
the Amazon has the other ; imperceptibly the jaws of the 
latter steal up, still holding on, towards the far end, till 
the nurse’s head is pierced. Sometimes the Amazon lets 
go, and the nurse is gone in a trice, and the pupa with her. 

The slaves left behind in the city are ready to receive 
the plunder ; and soon more slaves are hatched, whose 
prison is now their home, for they have never been 
conscious of another. But success does not always 
smile upon their expeditions; an entire army may 
lose the way, courage may fail the leaders, disputes 
may arise, and general unaccountable want of esprit 
de corps breaks their resolution, and the attack is 
abandoned. Many a warrior loses its way, emerging 
from the ravaged nest by passages which open to the 
thicket far from it they entered by. 

Another robber-ant (Formica sanguinea), not so 
well furnished with offensive weapons, but larger and 
more intelligent than the former, also sallies forth in 
search of slaves. Both may meet in combat on the 
march, and the dead and dying, mangled remains, 
and heads and legs nipped off, bear witness to the 
consequences. These robber-ants do not attack a nest 
with a rush, as do the Amazons. They lay deliberate 
siege to it, surround it, securing the entrances and exits. 

Of the other inmates of ants’ nests, such as beetles, 
crickets, spiders, wood-lice, and the like, want of space 
forbids mention, and, indeed, the reason of their pre- 
sence is not obvious. The supposition that they are 
kept as pets possibly derives support merely from the 
analogy drawn from similar whims amongst human 
beings. That ants sleep is an undoubted fact, and so, 
too, that they bestow much care upon their toilet, 
assisting each other in this respect. Bates writes that 
“here and there an ant was seen stretching forth first 
one leg and then another, to be brushed and washed 
by one or more of its comrades, who performed the 

task by passing the limb between the jaws and tongue, 
finishing off by giving the antennz a friendly wipe.” 
Recreations, too, are not unknown to them ; running 
after each other in hide-and-seek, followed often by a 
rough-and-tumble game. Stranger still, they hide away 
the dead bodies of their friends in chinks and crevices far 


HUSBANDMEN-ANTS 


from the nest, and thus perform a sort of burial. That the 
habit is more than the desire to be rid of what is use- 
less, or may be injurious, seems doubtful. The idea that 
ants grew corn—the so-called “‘ant-rice’’—is a mistake. 

Of the British species, the largest is the red wood- 
ant (F. rufa), represented on page 1908. It abounds 
in fir plantations in the southern counties of England, 
and the huge heaps of pine-needles it gathers over its 
nest are familiar objects to frequenters of the forests ; 
while the size, ferocity, and numbers of the ants them- 
selves become a nuisance even before their ways have 
ceased to be amusing. If the nest be disturbed, the 
fumes of formic acid burst out full in the face of the 
intruder, while the jaws of the enraged inhabitants 
render further operations impossible. Numbers of 
nests, however, are annually ransacked of their pupee 
for young pheasants, which often seem surprised by 
the flavour of the ants, which they pick up with the 
pupe. Highways cross the paths in every direction 
around the nest, and the ants may be seen coming and 
going continuously throughout the day, bringing in 
twigs, caterpillars, and fragments of all kinds of insects, 
to be safely stored away in the nest. 

Still larger is the Hercules ant (Camponotus hercu- 
leanus), which inhabits wooded highlands in continental 
Europe, and constructs its nest in decayed tree-trunks. 
The temale measures more than half an inch in length ; 
and the insects, when swarming, gather in a cloud 
around the base of some tree. In colour the body is 
vlistening grey, while the tips of the wings are yellow. 

The honeypot-ant (Myyrmecocystus mexicanus), of 
which the habits are alluded to above, inhabits the 
highlands of Mexico and South Colorado. The nest is 
constructed in the ground, usually beneath hillocks, 
in a gravelly soil, and contains passages and chambers 
arranged in different storeys, some for food, others 
for the larve, and the third for the honey-pots. The 
inhabitants condemned to servitude in the honey- 
secreting department of this community are never 
allowed out. An allied species is found in Australia. 

Still more curious is the South American satiba, or 
parasol-ant (Gicodoma cephalotes), dreaded on account 
of the havoc it works amongst the foliage of planta- 
tions. Agriculture, too, becomes next to impossible 
where these destructive insects abound. They are not 
without their uses, however, for the Indians regard 
the females when full of eggs as a delicacy. Seizing 
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the insects by the thorax, they nip off the luscious 
morsel with their teeth, much as we may see monkeys 
“behave towards a fly. The nests of this species are 
prodigious. Mr. Bates speaks of hills forty yards in cir- 
cumference, or about twelve yards across, while others 
are of even larger size. This hill, huge as it is, is merely 
the outer covering of a network of galleries extending 
deep and far into the ground, with many outlets into 
the surrounding country, usually carefully secured. 

The workers, of which there are two 
forms, look after the progeny and gather 


food; while the soldiers, with broad 
heads and terrible jaws, sally forth if 
danger threatens their citadel. The 


stronger workers march in daily pro- 
cession to the plantations in search of 
leaves, and return, each with a piece 
securely held in its jaws. The more 
slightly built remain at home, engaged, 
in the less arduous operations of domestic 
economy, and rarely venture far from 
their nest. 

These leaf-cutting expeditions are 
directed chiefly against coffee and orange 
plantations, and the ants, accompanied 
by a detachment of soldiers, partly, no 
doubt, to keep order, and more especially 
to guard the caravan against freebooters, 
march in large columns to the groves, 
climb the trees, and begin to reap their 
daily harvest. Each ant, having cut 
with its toothed mandibles a piece of 
leaf half an inch in diameter, descends the tree, 
holds its booty high in the air, edge upwards, and 
so homewards. The leaf-discs thus held above their 
heads have earned for these insects the name of 
“parasol-ants.”” The path they travel on is soon 
beaten down with footsteps, and worn till it becomes 
a deep groove; but even height does not end their 
activity and mischief, for they make raids on the 
houses of the planters in search of groceries and sweet- 


I, POMPILUS NATALENSIS; 2, POMPILUS 


SPIDER ; 4, PRIOCNEMIS VARIEGATUS ; 5, AGENIA 


stuffs, appearing often in swarms. There are several 
species of this genus with similar habits, and all are 
known by the natives of Brazil under the single name 
satiba. When the leaves are stored in the nest they are 
overgrown with a minute fungus, upon which the 
ants feed. 
SOLITARY WASPS 

The species included in the families Mutillide, 

Thynnide, and Scoliide number trom twelve hundred 


LARVA OF 


IRIVIALIS ; 3; 


PUNCTUM, 


to fifteen hundred. The females of members of the 
first two are wingless, while those of all three families 
possess a formidable poison-sting. Of the European 
Mutilla europea, the males may be seen, though not 


commonly, among flowers, and frequenting foliage 
infested with aphides. The wingless female may, 


however, often be met with on sandy commons in 
The larve are found in the nests of humble- 


summer, : 
All species of 


bees, where they feed upon the grubs, 


2, MALE MUTILLA EUROPA ; 3, MALE, AND 4, FEMALE 


SCOLIA HEMORRHOIDALIS 
the family, however, are not parasitic on humble-bees, 
for in South America, where the tribes of the former 
are scantily represented, those of the latter are 
numerous. Of the third family, we take as example 


the formidable Scolia hemorrhotdalis, which is found 
in Turkey, Hungary, Greece, and Southern Russia. 
Not very much is known of its habits and lhfe-history, 
but such as is points to a larval life parasitic on various 
beetles ; 


of the family have 
been taken from nests 
of the parasol-ant. In 
the Scoliide the wings 
are present in both 
sexes. Figures of the 
male and female are 
given in the illustration 
above. 

The members of the 
family Bembicide are 
distinguished from the 
under-mentioned 
Sphegide by the for- 
mation of the labrum, 
which is much _ pro- 
duced. In general ap- 
pearance they resemble 
the hornets and larger 
wasps. Bembex ros- 
trata, figured on page 
191i, is found not un- 
commonly throughout 
g Europe, but becomes 
more local in the northern countries. The insects 
fly in circles, with a loud hum of their powerful 
wings, round and round the burrows which the female 
makes in the loose sand or earth. Here are 
stowed away the bodies of large flies, reduced by 
an application of the sting to a state of unconscious- 
ness ; and in each nest a single egg is laid, the grub 
when hatched feeding upon the food which it finds 
placed within its reach. 


while other members 


LATTER ON GARDEN- 
WITH ITS TWO CELLS 


IgIo 


SOLITARY WASPS 


RUNNERS 

In the family Pompilide the males are characterised 
by their slender form and small size ; and both sexes 
may be recognised by their energetic hurrying to and 
fro with quivering wings and antennae, moving rapidly 
on all sides, as they search sandy commons for a suitable 
spot to burrow in, as well as for the spiders which they 
numb with a sting and store up for the larve. The 
members of the family are universally distributed, 
but are larger and more brilliant in tropical countries. 
Some make their nests in the beetle-borings of old 
trees and posts, and prey upon all kinds of insects and 
their larve ; others prey exclusively on spiders, and 
confine their burrowing operations to sandy soils. 

Not only do spiders of the family Lycostd@, which run 
freely on the surface of the ground, but make no nest, 
fall victims to the Pompilus, but the Epeivide are 
snatched from the very centre of their, maze and 
carried off, their powers of resistance rendered futile 
by one paralysing stroke of the poisonous sting. Well 
are these spiders aware of the danger, for they drop 
instantly from their webs into the herbage when the 
hum of wings warns them of the near presence of a 
wasp. Others, however, whose staple food consists of 
bees and wasps, are not so-easily alarmed, and learn to 
distinguish between friends and foes. 

The figured Pornpilus natalensis is of considerable 
service in Natal, since its habit is to:search every nook 
and cranny for house-frequenting spiders. Up and 
down the windows, in and out amongst the rafters, 
the female passes to and fro in search of the large 
spiders which lodge in their webs hung up amongst the 
woodwork. The victims, when captured, are buried 
with the egg in a hole in some suitable corner within 
or without the house. 


The numerous members of the family Crabronid@ are 
usually black with yellow markings. Their nests are 
formed either in the ground or in decaying timber ; 
the tunnels of wood-boring beetles being utilised in the 
latter case. While the smaller species feed chiefly on 
aphides, the larger kinds are more partial to flies. 
Figures of three species—viz., Crossocerus scutatus, C. 
elongatulus and Cyrabro patellatus—are given in the 
illustration below. Another form is Mellinus arvensis, 
usually met with in pine-woods, where it may be seen 
searching about on the sandy soil, and is particularly 
fond of the honey-dew deposited by aphides. A smaller 
form (M. sabulosus) is likewise shown in the illustration. 

The same ilustration also shows Trypoxylon figulus, 
a black insect, which may be observed throughout the 
summer flying busily to and fro among posts and 
decaying trees. A variation in the mode of making its 
cell will be noticeable. Selecting a long tunnei, the 
female brings in aphides or small spiders, lays an egg, 
deposits a suitable supply of food, and fits on the top 
a wad of mud; above this again another cell is con- 
structed, similarly capped with mud, and so on till the 
tunnel is full. 


ANDRENA PARASITES 
As an example of the family Philanthide may be 
taken Philanthus tviangulum, the larva of which feeds 
upon the honey-bee and other members of the same 
group. In theaccompanying illustration a figure of this 
species is given. Since at least five bees are provided 


for each larva, the havoc caused in hives where these 
insects abound must be considerable. A separate nest, 
in some warm, sunny slope, is made for each egg. 
Another form is Ovybelus uniglumis, figured in the 


A large:species of this 
genus attacks spiders 
of the genus Lycosa on 
English commons, and 
buries them in a some- 
what similar fashion. 
The second species 
figured in the illustra- 
tion (P. trivialis) also 
attacks spiders, 
especially Lycosa in- 
quilina. 


PERFECT-STINGERS 


Many of the hand- 
some insects belonging 
to the family Sphegid@ 
are uniformly black, 
black and red, or 
yellow and black. The 
majority, however, are 
black with brilliant 
yellow or white mark- 
ings, and shine with 
the lustre of burnished 
metal. These markings 
are very variable even 
in the same _ species, 
rendering their identi- 
fication difficult for the student, though on account of 
that contrast of colour and the activity of their move- 
ments the members of this family are amongst the most 
attractive-of all hymenopterous insects. Some species 
prey upon lepidopterous larve, others.on grasshoppers, 
while another provisions its nest with three or four 
crickets. These latter, however, are not captured with- 
out a severe tussle. The Sphev leaps upon the cricket’s 
back, delivers a couple of stings, and all is over. 


I, MALE, AND, 2, FEMALE OF 


CROSSOCERUS SCUTATUS ; 


MELLINUS ARVENSIS } 
TRATA ; 5, PHILANTHUS TRIANGULUM , 6, MALE, AND, 7, FEMALE OF CERCERIS ARCUARIA ; 
8, TRYPOXYLON FIGULUS; 9, FEMALE, AND, IO, MALE OF CRABRO PATELLATUS ; II, MALE 


3, M. SABULOSUS ; 4, BEMBEX ROS- 


I2, C. ELONGATULUS ; 13, OXYBELUS UNIGLUMIS 


illustration. In this species the female excavates 
tunnels, in sandy ground, to which the sunshine has 
free access, and flies are mainly used to provision 
the nest, as a rule, one only to each cell. The fly 
is attacked from above, knocked down, stung in the 
neck, and carried off to the’ nest. A third form 
(Cerceris aycuaria), shown in the same illustration, is a 
black insect with yellow bands on the-abdomen, as are 
most of its kindred. 
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WASPS AND BEES 

Before taking into consideration the families into 
which wasps and bees are divided, it is advisable to give 
an account of some points connected with their habits, 
as well as a notice of their special senses. As regards 
sight, the large size of their compound eyes, in addition 
to the presence of ocelli, indicates their high degree of 
visual power. In respect of perception of colour, 
experiments have shown that if honey be placed on 
cards of different colour, bees show a decided pre- 


though it flew many times straight to a certain con- 
spicuous leaf close above the booty, doubtless a land- 
mark, yet it could not for a long while—and after 
repeated pounces in the wrong direction, and more 
it seemed by good luck at last—succeed in finding it. 
No one who has heard the cry of an angry wasp, 
and experienced the pain which has followed, will 
doubt that anger and malice have their places in the 
wasp’s nature. Often do these insects seem to make 
straight for an innocent bystander, and sting from pure 


INMATES OF 


A HIVE 


A—1, queen ; 2, worker (non-fertile female) ; 3, drone or male ; 4, mandible from outside ; B, hind-leg of worker ; ¢, thigh ; 4, shank ; a, first tarsal joint. 

C, egg. D, larva and pupa. E, longitudinal section of abdomen of a worker ; 1, honey-crop ; 2, egg-sac ; 3, poison-sac ; 4, oil-gland ; 5, semen-sac or 

spermatheca ; 5, sting ; c, segmental interstices, whence the wax issues. F, mouth-parts ; a, maxille ; @, basal joint of same; 4, labial palpi; c, tongue. 
G, bee-louse and its pupa. H, brush. J, poison-apparatus ; a, poison-gland ; 4, poison-vesicle ; c, sting-groove ; ¢, sting ; ¢, sting-sheath 


ference for special tints, blue and purple being the 
prime favourites. Similarly, no doubt, the colours of 
flowers have a greater or smaller degree of attraction 
for these insects. Indeed, it is beyond question that 
the fertilisation of flowers by the visitation of bees 
has tended to the development of the special colours 
patronised by the insects, while blossoms which were 
of less favourite hues have gradually disappeared. 
Black, white, and green flowers are not so common as 
yellow, orange, blue, or red ; and black is less prevalent 
than either of the others. 

Although experiments to prove or disprove the 
sensibility of bees to sound have so far been negative, 
yet from the fact that they are exceedingly sensitive 
to a certain peculiar cry occasionally emitted by the 
queen, which acts like an electric shock, it would 
appear that hearing is likewise well developed. That 
bees and wasps are able to find their way, and to fly 
off apparently without hesitation straight for home, 
needs no proof. But this power does not necessarily 
indicate some mysterious sense of direction, enabling 
them to perceive their bearings by. occult means. 
Rather may it be looked upon as due to the ordinary 
observance of conspicuous landmarks, suchas are utilised 
for guidance even by man himself. Bees, for instance, 
have been taught the way to a store of honey by the 
repetition of single experiences, proving that they pass 
from the unaccustomed to the well-known little by little. 

Naturally, the direction of a point to which whither- 
soever they may wander out, they must invariably 
return many times a day, soon passes from the sphere 
of calculation and enters the region of simple intuition ; 
so rapid and unconscious are the various acts of percep- 
tion involved. That these insects do thus take note of 
landmarks has been shown by Bates, who describes 
how a sand-wasp carefully marked the spot where half 
of a larva had been left by cirtling round and alighting 
in the vicinity. And even then, when it returned, 


spitefulness. Sympathy for the ailing and wounded, as 
among the ants, so among the bees, seems to be 
more noticeable than it is towards those actually in 
distress—though uninjured. It has been doubted, 
indeed, whether bees show any affection for one 
another ; the caressing antenne, as well as the personal 
attention to each other so noticeable in the case: of 
ants, are certainly lacking. As in ants, however, the 
antenne seem to be the chief organs of communication. 
As regards habits, there are two.chief operations in 
which bees and wasps engage—namely, the procuring 
of food and the rearing of a progeny. This food is of 
two kinds—honey gathered from the nectaries of 
flowers, and bee-bread, or flower-pollen moistened with 
honey, kneaded by the workers, and stored away, for 
feeding the larvae. The workers, or honey-gatherers, 
do not bring in more than one sort of pollen at the-same 
time ; and when the nurses, or domestic bees, receive 
the pollen from the honey-gatherers they keep-it care- 
fully separate. One sort of pollen is more nutritious 
than another, and a female larva fed on the more 
nutritious bee-bread will become-a queen, or fertile 
female, and one hive cannot afford more than a few of 
such luxuries. Those fed on the less nutritious bread 
turn out workers, or non-fertile females. For the 
males special conditions are arranged by the queen when 
laying the eggs. Royal ceils, framed for the feeding 
of queens, are much larger than those for workers. 
In secreting wax for the cells, bees, having eaten as 
much honey as they can conveniently carry, hang in 
a cluster from the top of the hive. Soon the wax 
begins to burst from glands beneath the edges of the 
segments of the body, and is rubbed off with the legs. 
Cell-construction now begins, and in addition to the 
wax, a sort of resinous cement, drawn from the sap 
of conifers, is used to strengthen the walls at their 
angles, and also to cover the inside of the hive. The 
six-sided form of the cells of the honey-bee appears 
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In any other way. 
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to have been evolved after ages of gradual modification 
from the simple cylinder which would be formed by 
a cylindrical body—as that of a bee—moulding wax 
around itself ; this form alone admitting of the greatest 
number of cells being placed side by side, and tier by 
tier, without leaving waste, vacant spaces between. 
The greater the number of the cells, the stronger the 
colony; the stronger the colony, the more numerous 
the swarms, and the greater the chance of the perpetua- 
tion of the race. 

The intermediate form between the cylinder and the 
regular hexagon is found in the comb of the Melipona 
bee, which forms cylindrical cells, but so close together 
that the partition wall becomes a flat plate, since it is 
impossible for a thin sheet to be concave on both sides 
at once. Modifications from this form, combined with 
modified instincts, would eventually produce a regular 
hexagon. It is to be borne in mind, however, that this 
form arises. not because the bees are aware that a 
regular hexagon is the most economic form of cell they 
can adopt, but simply because, when a group of bees 
stand close to each other, and form cells of pliant 
wax—whose walls break through at all points on 
account of their proximity, rendering it necessary to 
build up a flat wall between—they cannot fashion it 
y- For at all points of a single cell, 
six bees.at the sides and six bees below are constantly 
encroaching and fitting in the sides and corners of their 
own cells, around that of each single bee. 

Bees have proved in practice what to the mathemati- 
cians is inevitable in theory. Nevertheless, bees are not 
compelled to form their combs in this or that way 
without any power of adaptation to special circum- 
stances. They construct their comb, and hang their 
connections wherever the holding seems likely to be 
most secure, and thus, on a less complicated plane of 
intelligence, carry out precisely what human beings 
accomplish under more complex conditions—namely, 
they adapt means to ends. The difference is one of 
degree, not of kind. 

The fact that eggs are laid by a single female of 
unusual size is noteworthy. Bee colonies, however, 
unlike those of the social wasps, are permanent, 
hibernating during the winter. Each wasp colony or 


MUD-WASPS 


1, Odynerus parietum, female and nest ; 2, Chrysis ignita ; 8, Polistes gallica, female and nest 


nest originates from a single female, which survives 
through the winter, and by herself lays the foundation of 
a new colony. Among bees a certain number of workers, 
or non-fertile females, are set apart as maids-in-waiting, 
who attend to the queen’s wants in the matter 
of food, which are considerable during the period 
of laying. ; 

A single egg is laid in each cell, and, as mentioned 


above, larger cells are set apart for the queens, the 
difference between these and the non-fertile females 
being entirely brought about by the difference in 
food. ‘This, however, is not the case with the males, 


and it is a disputed point whether the queen can 
control the sex of any particular egg, or whether 
she can select a male egg as she proceeds with 
the laying. 

Certain it is, at any rate, that when she reaches a 
drone, or male, cell, which is larger, she deposits an 
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egg which will become a male. 


It has usually been 
asserted that unfertilised eggs become males, while 


those which are fertilised turn out females. This may 
be the case, and certainly would tend to bear out the 
general truth that absence of nutrition tends to give 
the male element greater preponderance in the progeny, 
though the immediate physical conditions on which 
the sex of the offspring 
depends are imperfectly 
known. 

A superabundance of 
males is, aS a rule, 
associated with failing 
provisions and loss of 
bodily energy, and this 
is born out by the fact 
that when the queen 
is old she is apt to lay 
too many drone eggs. 
This, however, is a 
failing which the com- 
munity cannot put up 
with, and if the queen 
be unable to produce 
profitable offspring she 
is put to-death. Still, 
both bees and queens 
well know that the one 
supreme calamity which can befall the bee community 
is to be left without a queen, not because they need her 
rule, but because on her alone rests the future of the 
colony. And it has been asserted that if two queens 
only remain, and are contesting for the mastery, and 
each should simultaneously have the chance to deliver 
a sting which might prove fatal to both, each releases 
the other, dreading to leave the hive queenless. 
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Inseparable from these phenomena is that of swarm- insect, making its appearance in May and June. The 
ing, or the budding-off of new colonies from the mother- nests are made in holes of old mud walls, or the banks 


hive. Owing to the instinct of the workers, who can of clay-pits, and are filled with grubs of beetles be- 
arrest or accelerate development by longing to the family Chrysomelide, 
regulating the food supply, a new or with the caterpillars of small moths. 
queen is always ready when a swarm 
of bees is prepared to leave the 
overcrowded hive. This queen is, 
however, not permitted to leave her 
cell till the actual moment of flight, 
and all along has to be protected 
from the reigning queen, by whom, 
if opportunity were afforded, she 
would be killed. Indeed, when the 
swarming season is over, the actual 


SOCIAL WASPS 

The members of the family Vespide@ 
form a link between the foregoing 
and the true bees, since each species 
includes a fertile female, or queen 
infertile females, or workers, and 
males, or drones. The nests are 
formed of a kind of paper manu- 
factured from the dry parings of old 
sovereign 1s permitted to make short posts and trees. Since we have 
work of all her rivals. BROOD-CELLS OF HORNET already dealt briefly with the general 

The function of the nurses, as their habits of the Ves pide, further reference 
name implies, is to rear the young, and, if necessary, to them, save as occasion for their mention arises in the 
preserve the queens. After the males, or drones, have course of subsequent degcription of species, will be 
fulfilled their duties, they are massacred in thousands unnecessary. The members of the: family may them- 
by the workers, selves be distin- 
even the young guished at once from 
grubs and pupe& all other Hymen- 
being dragged from optera by the 
their cells and peculiar arrange- 
killed. In many ment of the wings 
wasp societies these when folded at rest. 
matters are, how- The fore wings 
ever, more leniently partly enclose the 
arranged, since the hind wings, both 
males usually assist pairs lying ‘along the 
in the general sides of the abdo- 
duties “of the men, not concealing 
colony. Still, even it from above. The 
these exhibit an un- food of wasps 
accountable habit, consists of the 
all the grubs and saccharine matter 
pupe being dragged derived from various 
out and glk ain as vegetable products, 
winter approaches. and also from animal 
Whether the wasps matter. As regards 
themselves begin the distribution of 
to experience the soe : i, species—apart from 
pinch of hunger, eee TABS R EES the usual increase 


7 ie , anlraa 4 4, female and male (enlarged); c, rose-leaves with several pieces clipped out and a beeat work; 3.) oo. We 5 are 
and wish to close d, nest in a willow-stem ; ¢, single cell; 4 lid of same ; g, 4, pieces of leaf; 7, 4, side-pieces IN S1Ze and beauty ot 
mouths which must colouring—it may 


otherwise starve, or what may be the motive for such be remarked that the closer the equatorial regions 
action, is beyond our ability to guess. Since every are approached, the more numerous do members of 
wasp, save here and there a large female, or queen, this group become. 

perishes at the approach of winter, , : Of the better-known forms the 
the massacre cannot be justified on common hornet (Vespa crabro) is 
the score of prudential social policy. readily distinguished from other 
species of wasps by its large size and 
the prevailing red tint on the anterior 
portions of the body. Itis universally 
distributed throughout Europe, and 
occurs as far north as Lapland. The 
solitary female, after her hibernation, 
begins to build the first foundation of 
her nest in May on some convenient 
beam in a loft or outhouse, or fre- 
quently in the holes made in the eaves 
of thatched cottages by sparrows. 
The food of the grubs consists of the 
bodies of insects, such as bees, which 
other hand, the Eumenide are hermit the workers chew up for their benefit. 
wasps which make their nests chiefly On the approach of autumn the 
in mud walls or sandstone cliffs, some sourH AFRICAN WASP AND ITS NEST remaining larve, which have not yet 


HERMIT WASPS AND MUD-WASPS 

The true wasps may be conveniently 
divided into hermit and social wasps, 
although there is more or less 
complete transition between the two. 
Of the. typical hermit wasps 
(Masarid@), which are mostly tropical 
forms, and constitute a link between 
the parasitic wasps described above 
and the Vespide, but little is known. 
Some kinds are, however, parasitic, 
and possibly many may be so. On the 


constructing a series of mud cells in been hatched out, are torn from 
the hollow ‘stems of plants, and supplying their grubs _ their cells and left to perish. 
with caterpillars for food. A well-known European Under the title of common w asps no less than five 


example is the figured Odynerus parietum, a variable species may be included. 5 of eee V. vulgaris is the 
‘so 
1gI4 


SOLITARY BEES 


common wasp par excellence. V. germanicw may be mason-bees, of which one species (Chalicodoma muraria) 
recognised by the three black spots on a yellow clypeus. is represented in the annexed illustration. These 
V. vulgaris presents a longitudinal oe = insects make their appearance in 
black line dilated at the extremity. | ey Europe during May, when the female 
V. vufa is rare in Northern Europe. | ~ forthwith sets about constructing her 
V. media has the yellow markings nest. 
of the abdomen darker than in the This includes not more than ten 
other species. The wood-wasp, V. simple cells, and is attached to old 
silvestris, hangs its nest on the bough walls or houses ; the cells being formed 
of atree or shrub. About 150 species of grains of sand glued together 
of the genus are known to science. with the saliva of the builder. In 
Among other forms, space only admits 1886 some bees of an allied genus 
mention of the South African wasp (Osmia) constructed their nests in the 
(Belonogaster), of which the comb is ha locks of a door at Deptford. The 
shown in the figure on page 1914. °? cells had completely choked the 
Common in houses at the Cape, this ““sS3ERiics& ie works of the locks, and in one case 
insect is much dreaded on account of : MASON-BEES= a portion of the nest was forced out 
the severity of its sting. This wasp, © 7° a Pee aes, ae ae an anepen by the insertion of the key without 
. : sues 5 3, females Nghting ee 
like many others of the group, is driving away the bees. As the locks 
remarkable for the great length and slenderness of were in pretty constant use, it would appear that all 
the part connecting the thorax with the abdomen. the nests must have been built within a few days. 
The  leaf-cutter 
bees, of which an 
example (Megachile 
centuncularts) 1s 
figured on the illu- 
stration on page 
1914, take their 
name from lining 
their nests with 
cells made from 
fragments of leaves 
nipped out by the 
strong jaws of the 
insects. These cells 
may be _ placed 
either in the holes 
of trees, in clefts 
and crannies of old 
walls, or in specially 
CO MS tr URC senenat 
burrows in the 


SOLITARY BEES 

The solitary bees 
(family Andrenide@) 
may be recognised 
by the fact that the 
pollen - collecting 
organs are situated 
on the femora and 
coxe of the hind 
legs and the neigh- 
bouring sides of the 
thorax. The genera 
Andvrena and 
Hyleus comprise 
the greater part of 
all the wild bees of 
CGemrtica ls am d 
Northern Europe. 
The perfect insects 
appear in the early 
spring, making their ground. Among the 
nests in sandy soil. leaves most gener- 
In the first genus GROUP OF SOLITARY BEES ally employed are 


j 1, 2, hairy-legged bee (Dasypoda hirtipes); 3, 4, Shenck’s earth-bee (Andrena schencki) ; 5, 6, grey- those of the poplar 
three nL ge at (A haired earth-bee (Andrena cineraria) ; 7, 8, brown earth-bee (Andrena fulvicrus) ; 9, 10, large burrowing } 4 mS P P ao 
Schencht, A. bee (Hylzus grandis), A male and female of each is figured nornbeam, privet, 


cinevaria, and A. ; poppy, and_ rose. 
fulvicrus) are figured in the accompanying illustration. The mode in which these insects work, and the structure 
In the second, H. grandis, shown in thesameillustration, oftheir cells and burrows, are exhibited in the illustration. 
flies in July and August, and forms x fs Yet another type of building “is 
a large number of holes—a kind of [{ Heh \\| exemplified by the carpenter-bees 
colony—in some sunny slope. The (Xylocopa), which are among the 
species of both Andrena and the allied finest members of the entire family. 
Halictus are parasitic, and display a Their cells are built in rows in the 
verv curious habit. When retiring to solid wood of trees, and the method 
rest, they fasten upon a twig or the of procedure will be observed in the 
edge of a leaf with their mandibles, illustration exhibiting the violet 
fold their wings, draw up their legs, carpenter-bee (X. violacea). This 
lay the antenne neatly along their species, which is rare in Northern 
backs, and, having induced a Europe, forms a series of cells, in each 
temporary lock-jaw, hang securely of which lies a larva, and since the 
until the morning, when they loose lower ones are obviously the oldest, 
their hold and hurry off once again to it 1s Somewhat difficult to understand 
play the parasite on their relatives. how the newly-emerged perfect bee 

Another species figured in the same escapes into the upper air from the 
illustration is the hairy-legged bee lower cell. At present it is not 


(Dasypoda hirtipes), which appears on oe | Ral iy, altogether clear what course it takes ; 
the wing in July, and constructs a  yyzo, FT-wINGED CARPENTER-BEE whether it gnaws its way through the 
nest of about six cells in sandy With cells cut out ina tree-stem chambers where brothers and sisters 
ground. The burrow runs obliquely are peacefully awaiting future 


at first, afterwards descending perpendicularly. Another developments—at the imminent risk of _ arresting 
well-known type of the family is exemplified by the all chances of such by thus breaking into their 
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1, female, and 2, male hairy-legged flower-bees ; 


bedrooms, to the detriment of nervous systems not yet 
hardened to bear the strain—or whether it gnaws its 
way straight out at the side, seems a matter of doubt. 
Some authorities state that the female has already 
foreseen and guarded against such undesirable con- 
tingencies, by preparing a door of escape at the bottom 
of the lower cell. And they record as a remarkable 
fact that the bees, each in turn, .gnaw through the 
floor of its cell, and of course find their elder brother 
or sister already flown from the cell next below. They 
never go in the opposite direction through the roof. 

Our next examples of this family are the flower-bees 
(Anthophora), of which three species are shown in the 
illustration above. In general appearance these 
insects closely approximate to humble-bees. They 
build their nests in burrows in the ground, in holes of 
trees, or clefts and cfacks in walls; the cells being 
separated by partitions, and made of the ruins of the 
burrow or cleft. Generally the whole nest has the form 
of a twisted tube. Like their allies, these bees are 
solitary, and, like humble-bees, are much infested by 
parasites. Finally, we have the long-horned bees, of 
which one species (Eucera longicornis) is shown in the 
same illustration. These bees construct smooth 
tunnels in the earth, divided as usual into sections, each 
of which contains one egg, together with a supply of 
pollen and honey for the future larva. 


TRUESBEES 

Among the true bees (family Apide) are included 
not only the various kinds of honey-bees, but likewise 
their more clumsy cousins the humble-bees. Such a 
well-known insect as the common honey-bee (Apis 
mellifica), of which the habits have been already 
referred to, requires no special notice; but it is im- 
portant to observe that the honey-bees of the equatorial 
zone differ somewhat from those inhabiting more 
temperate regions, in consequence of which they are 
assigned to distinct genera, such as Melipona, Trigona, 
and Tetvasoma. All these are rather small and stingless 
bees, making up for the absence of a special weapon 
of offence by a free use of their jaws. Their brood- 
cells and combs resemble those of the common wasp, 
each forming but a single layer, and clay and resinous 
substances being chiefly used for closing the entrance 
of the cavities in which the nest are placed. The 
characteristic transitional features in the shape of 
the cells, intermediate between the simple cylindrical 
and the perfect hexagonal forms, have already been 
noticed in the short introductory remarks. Melipona 


FLOWER-BEES AND LONG-HORNED BEES > 
3, female, and 4, male tufted flower-bees ; 5, female wall-nesting flower-bee ; 
6, female, and 7, male long-horned bees 
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 Coimeete es <5 2 1 and its allies form the 
. | connecting link 
_ between the solitary 
and the hive bees. 
As in the wasps, 
each family in the 
_ humble-bees owes its 
| origin to a_ single 
| female which has 
hibernated — usually 
‘in some hole in the 
ground which it ex- 
cavates for the pur- 
pose. The hive-bees, 
Vilterg G4) 0 the "contrary, 
ead aoe) Swarm—that is, they 
oF , 24 send off a full-grown 
* population under a 
op queen ready to enter 
“upon the organised 
life of an industrial 
community at once. 
The different forms of 
humble-bees are much the same as those of the hive- 
bees—namely, large females ; workers, or undeveloped 
females ; small females which are similar to the large 
(or queens) instructure; andmales. One very strange 
habit has been recorded and confirmed by subsequent 
observations. A small female is set apart for the 
duty of awakening the nest every morning with her 
piercing note, and has been called the “‘ trumpeter.” 
It seems that only those nests which are large and have 
plenty of spare hands can afford this luxury. 
Humble-bees, both as regards appearance and habits, 
are too well known to need description. Of the two 
species figured in the illustration on page 1917, the 
common humble-bee (Bombus terrestris) forms small 
rounded nests of carded moss. On the other hand, the 
stone humble-bee (B. lapidarius) makes its habitation in 
cavities among stones, where it forms an oval nest, 
of which only the sides are covered with moss and grass. 
Although the fact that bees are essential to the fer- 
tilisation of most flowers is familiar, it is less well 
known that in many cases the work is done by smaller 
insects. In the case, for instance, of the blue flag, 
or iris, it has been shown that, in addition to the 
bees by which they are fertilised, the flowers of this 
plant are visited by a number of insects of other 
kinds. The visits of these latter appear for the 
most part to have been hitherto unnoticed ; and, as 
most of these illicit visitors are of no use for the 
purpose of fertilisation, the ill-adapted ones are 
habitually deceived by the flower itself as to its proper 
entrance. Of the various visitors, two small bees of the 
genera Clisodon and Osmia were thoroughly at home 
in the flower, alighting at the entrance and passing 
immediately down the narrow passage leading into the 
nectary, and as quickly emerging and flying off. On the 
other hand, numerous kinds of syrphid flies spent a 
much longer time on the flower, which many of them 
visited only for pollen. Other visitors were certain 
small flower-beetles and weevils, which never by any 
chance succeeded in reaching the nectary. 


ORDER DIPTERA 


As implied by their scientific name, the typical 
members of the order Diptera, now claiming attention, 
are distinguished from all other insects by the possession 
of but a single pair of wings. In this case one pair of 
these organs has disappeared, and examination will 
reveal the fact that it is the front pair that is retained 
in full functional importance, while the hinder pair 
has become reduced to a, couple of short, slender, 
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club-like organs, known as 
halteres, or balancers. From 
their small size it might be 
supposed that these balancers 
were organs of but little 
physiological importance, but 
the experiment of removing 
them will show that this is 
not the case, for an insect 
thus mutilated is thereby 
entirely deprived of the power 
of maintaining its equilibrium 
and of directing its course in 
the air. Hence the name 
balancers that has been 
assigned to these vestigial 
wings. 

The mouth parts, instead 
of being of the primitive man- 
dibulate type, are formed for 
purposes of piercing or suck- 
ing. In the former kind of 
structure, as represented, for 
instance, in Pangonia longiros- 
tris, one of the horse-flies (Tabanide), these organs are 
composed of seven pieces, which have been interpreted 
by Mr. Waterhouse as follows. The uppermost is along, 
pointed instrument, the labrum. Immediately below 
this, and more or less concealed by it, is an almost 
equally long and slender piece, which is probably the 
hypopharynx. The mandibles are modified into a 
pair of sharp lancets, and below them are two ex- 
tremely slender instruments, which, from the presence 
of palpi, are recognisable as parts of the maxilla. All 
these pieces lie concealed in the basal half of the pro- 
boscis, which, for part of its length, is gutter-shaped, 
but afterwards assumes the form of a tube, and is 


J aN) 
HONEY-BEES 


In the gnats 
the mouth is formed upon the same plan, but the 


believed to be comparable to the labium. 


lancets are all more slender. In piercing the skin the 
lancets only are used, the labium or proboscis serving 
merely as a guide. : 

In the flies that use the mouth for sucking—as, for 


I, COMMON HUMBLE-BEE WITH NEST; 2, STON] 


E HUMBLE-BEE 


instance, in the blow-flies and drone-flies—the jaws are 
still more modified, so that the identity of the separate 
pieces is difficult to establish. The most prominent 
part is the proboscis, the expanding: terminal lobes of 
which are the paragloss@ of the labium. The maxille 
are represented by two scales or short stylets closely 
adherent to the sides of the proboscis, and of two club- 
like palpi ; but the mandibles seem to have disappeared. 

The only character that need be specially noticed in 
the wings is that they are usually naked—being but 
rarely furnished with short hairs—and that the veins 
are almost all longitudinal—that is, they run from the 
base or point of attachment of the wing to its free 
margin. These veins are represented in the figures on 
the next page by the letters a, 6, c, d, e, f, g. The 
transverse veins v7, y, on the contrary, are always few 
in number. The shape and size of the spaces (indicated 
by the numbers 1, 2, 3, etc.) circumscribed by these 
veins form valuable systematic characters for dis- 
tinguishing the species and genera of this order. The 
balancers may be entirely exposed, as in the common 
daddy-longlegs, but are sometimes concealed by a 
scale-like membrane, as in the blue-bottle fly. 

In connection with the wings may be noticed the 
buzzing of flies. This appears to be the result of two 
distinct sounds, one produced by the rapid vibration of 
the wings, and the other by the vibration of the 
thorax. The latter movement is the more rapid of the 
two, and gives rise to the shrill note heard the moment 
a blow-fly is seized ; while the former is the ordinary 
buzzing produced when the insect is in fight. Accord- 
ing to recent calculations, the thoracic vibrations in the 
case of one of the humble-bee flies (Volucella) amounted 
to thirteen hundred per second, while those of the 
wings were just one-half this number—namely, six 
hundred and fifty per second. 

The legs possess the normal five segments ; the tarsi, 
or feet, which are also divided into five segments, being 
armed with two claws, and,in addition, often supplied 
with adhesive pads, by means of which the insects are 
enabled to ascend perfectly smooth surfaces. These 
pads are composed of a multitude of funnel-shaped 
hairs, each supposed to act as a minute sucker. Some 
authors assert, however, that they secrete a sticky 
fluid, and that the insect maintains its hold by this 
means. 

The antennez vary considerably in structure. In their 
least modified form, as presented by the gnats and their 
allies, they are simple and thread-like organs, consisting 
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of a series of subequal segments, often modified by 
the presence of long symmetrically arranged bristles, 
which impart to them a feather-like aspect. In most 
of the members of the order the antennz are, however, 
curiously constructed. The three basal segments are 
stout, the third being especially large and produced 
into a great lobe-like plate, sometimes projecting as 
far as the extremity of the terminal part of the organ, 
which frequently has the form of a plume-like whip, 
the flagellum, although sometimes reduced to a bristle. 

Not infrequently the antenne differ greatly in 
structure according to sex. In the males of gnats, for 
example, they are large and feathery, while in the 
females they are only furnished with short hairs. The 
males and females of most of the common flies, on the 
contrary, may be recognised by the development of the 
compound eyes. In the former sex these organs are 
almost in contact on the summit of the head, while in 
the latter there is a widish space between them. Rarely 
the sexual characters are much more pronounced, as, 
for instance, in the stag-horned flies, in which the 
head of the male is furnished with large branching 
processes, and the stalk-eyed flies, in which the eyes 
in this sex are supported upon 
long, horizontal, immovable 
stalks. 

Like the other higher orders 
of insects, flies, in the course of 
their development, go through 
a complete metamorphosis; the 
larve—of which, perhaps, the 
commonest are maggots and 
cheese-hoppers—being worm- 
like, and passing into a partially 
or wholly quiescent pupal stage 
before attaining maturity. 
These larve differ much in 
structure in some of the families ; 
those of the gnats having a 
well-developed head, with the 
antenne, mandibles, maxille, 
and labium always recognisable ; 
whereas in the maggots of the 
blow-fly the head is nairow and 
pointed, without antenne, and 
with the mouth parts reduced 
to a pair of retractile hooks, the 
opposite extremity of the 
square-cut. 

It must not be supposed, however, that the larve 
of all the members of this order are of one or other of 
these two types. On the contrary, the structure varies 
according to habitat, and almost every gradation is 
found linking the two together. Some species live in 
fresh-water ponds and streams, others in the earth 
amongst roots of grass, others in rotting animal 
or vegetable matter, and others, like the maggots of 
the warble-fly, in the stomachs of the hosts they infest. 
Thus the nature of their food and surroundings is 
extremely varied, and that the larve are likewise so 
may be seen by a glance at the illustrations in the 
following pages. 

Upon reaching its full size the larva passes into the 
pupal stage. The pupa, however, exists under two 
conditions. In one case, as in the gnats, it emerges 
from the skin of the larva and leads an independent 
life of longer or shorter duration, until the attainment 
of maturity ; in the others, as in the fly called Stratiomys, 
it remains within the larval skin, which becomes 
thickened and constitutes a protective covering for it. 

Again, the rupture of the larval skin for setting free 
the pupa is effected in one of two ways. In the first 
case the opening is T-shaped, consisting of a longi- 
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body being broad and’ 


tudinal split on the back behind the head, or rarely of 
a transverse split between the seventh and eighth 
segments of the body; in the second case a circular 
split occurs behind the head, which is pushed off 
like a kind of cap. 

These two methods of splitting of the larval skin 
have been used as characters for dividing the Diptera 
into two suborders, those in which the pupa escapes 
in the former way being termed straight-seamed 
flies, or Orthorrhapha, and those in which the pupa 
escapes in the latter way circular-seamed flies, or 
Cyclorrhapha. 

For the rupture of the larval skin, the pupe of the 
Cyclorrhapha are furnished with a _ bladder-shaped 
excrescence on the front of the head. In the vast 
majority of flies the young make their first appearance 
in the form of eggs. In some few cases, however, as 
in the genera Sarcophaga and Mesembrina, belonging 
to the family Muscide, the young are born as active 
maggots ; while in theforest-flies and their allies only 
one young one matures at a time, and this is retained 
by the mother and nourished at her expense until it 
has passed into the pupal stage. The most anomalous 
: method of reproduction occurs 
in one of the gall-midges, where 
the larve themselves produce 
other grubs by a process of 
internal budding. 

That flies were abundant in 
early Tertiary times, when they 
were notvery different from 
those that now exist, is shown 
by the abundance of their 
remains preserved in the amber- 
beds of the Baltic. Strata of 
the same age at Florissant, 
Colorado, have also yielded fossil 
flies. A few have been obtained 
from Secondary rocks. 


STRAIGHT-SEAMED FLIES 

The first section of the sub- 
order Orthorrhapha contains the 
gnats and mosquitoes (Culicide), 
daddy-longlegs (Tipulide), true 
midges (Chironomide), and 
fungus-midges (Myceiophilide). 
These families are sometimes spoken of collectively 
as the Nematocera, or flies with thread-like antenne, 
on account of the length and thinness of those organs, 
which usually consist of as many as ten or more 
segments. he maxillary palpi also are elongate, 
and the body and limbs present, as a rule, the 
type with which we are familiar in the gnats and 
daddy-longlegs. 


MOSQUITOES AND GNATS 

The mosquitoes and gnats (Culicide@), although 
often regarded as distinct, are in reality identical. They 
abound in all lands, and may be met with in cold 
barren countries like Iceland and Lapland, as well as 
in the dense forests of tropical climes, everywhere 
being the plague of travellers on account of their 
insatiable thirst for blood and the intense irritation 
caused by their bite. It is, however, only the females 
that bite and suck blood, and in this connection it 
may be pointed out that no members of the Diptera 
sting in the sense in which the word is used with regard 
to ants and wasps—that is to say, the wound, although 
giving rise to a sharp stinging sensation, is inflicted by 
jaws, and not, as in the case of ants, by the organ 
especially designed for the purpose placed at the hinder 
extremity of the abdomen. 
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GIANT SWIFT 


“The splendid giant swift moth of Australia is one of the finest of all moths. 
burrows in the wood of the grey gun tree. _ The larva changes into the chi 
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MOTHS 


The caterpillar is long, cylindrical, and fleshy, 


usually making 


rysalis in December, and the moths appear early in March.”’ 


MODOOPNS> 


Arm cheeked beetle 


. Perforated tortoise-beetle 
Plant bug (Cicada fraxina) 


Lace-wing fly 
Eyed leaf-insect 
Tsetse-fly 

Grant wood-wasp 


. Death’s-head moth 


Irish burnet moth 
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. Lantera fly 


Cockchafer 


. Chrysochroa 


Praying mantis 


. Demoiselle dragon-fly 


Mole-cricket 

Yellow longhorn beetle 
Winged stick-insect 
Chinese tortoise-beetle 


INSECTS 


Australian longhorn beetle 


Carabus uleus 

Lamprima aurata 

Scarlet tiger-moth 

Great green grasshopper 
Countess beetle 
Anthicus pedestris 
Rose-chafer 

Great dragon-flv 
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Greenbottle fly 
Hornet 
Ichneumon fly 
Stag-beetle 


. Humble-bee 


Cerocoma scheefferi 
Great water-beetle 
Serricornia sternicornis 


GNATS 


The figure representing the banded gnat (Culex 
annulatus), a species sometimes found in houses, and 
noticeable for being the largest British form, is selected 
to illustrate the mode of life characteristic of the 
members of this family. The long, slender eggs, 
amounting to some three hundred or more, laid by 
the mother in batches on the surface of a pond or 
ditch, give rise to worm-like larve furnished with a 
distinct head, a large, somewhat squared thorax, and a 
tapering jointed abdomen. Along each side of the 
body there is a row of bristle-tufts, one for each seg- 
ment, and the last segment is, in addition, produced 
into a couple of tubular tails, at the extremity of which 
open the trachee, or breathing-tubes. Thus equipped, 
the young gnat hangs suspended in the water, its heavy 
head directed downwards, and the tip of its forked 
tail just projecting above the surface, so that the 
apertures of its breathing apparatus are in communica- 
tion. Occasionally when the 
surface of the water is dis- 
turbed, or from any other 
reason causing alarm, the 
larva wriggles to the bottom 
of the pond, soon, however, 
to return to its accustomed 
place at the surface. 

During growth, the larva 
undergoes a series of three 
moults before reaching its full 
size, the newly-clothed insect 
escaping from the old skin 
through a_ longitudinal slit 


behind the head. At the 
fourth moult emerges the 
pupa, which is a —very 


different-looking creature from 
the larva, showing the cases 
for the antenne, wings, and 
legs of the adult, while from the sides of its 
thorax project a pair of tubes, analogous to those 
of the larval tail, and like these carrying the 
apertures of the trachee. By means of its jointed 
abdomen the pupa jerks itself about in the water in 
company with others of its kind. At the appointed 
time a longitudinal split occurs on the back behind 
the head, and, extricating itself from its pupal-case, 
the adult gnat appears on the surface of the water, 
where, under favourable conditions, its skin hardens 
and its wings unfold, while it floats upon the water, 
using its discarded clothing as a raft. If this time of 
danger be successfully overcome, the insect takes 
wing and joins its companions in their mazy dance ; 
but, before acquiring strength to do so, it is at the 
mercy of every wave or gust of wind, and if once swept 
back into the water its chances of survival are small. 
The above-mentioned banded gnat may be distinguished 
from other British species by its large size, its spotted 
wings, and striped legs and abdomen. The common 
gnat (C. pipiens), which is often abundant in houses in 
the autumn, is much smaller and without the orna- 
ments characteristic of its larger ally. 

Most of the species of the genus Culex have the 
wings uniformly coloured, but in all the members of 
the allied Anopheles, as typified by A. maculipenmis, 
they are spotted. : 

In regard to the torments of mosquitoes in and 
near the tropics, the following passage from Mr. Bates's 
work on tha Amazons may be quoted: “At night 
‘it was quite impossible to sleep for mosquitoes ; they 
fell upon us by myriads, and without much piping came 
straight at our faces as thick as raindrops in a shower. 
The men crowded into the cabins, and then tried to 
expel the pests by the smoke from burnt rags, but it 
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a, female; 4, larva ; c, pupa 


1921 


was of little avail, although we were half suffocated by 
the operation.” 

But it is not solely as mere temporary torments 
that mosquitoes are to be dreaded. They are the carriers 
of both malaria and yellow fever. Malaria, or ague, is a 
disease peculiar to man. It is caused by extremely 
minute parasites which live in the red corpuscles of the 
blood. Formerly malaria was believed to be contracted 
by merely breathing the air of marshy districts, but 
it is now known that it is due to parasites transmitted 
from man to man by the “bite,” or, rather, ‘‘ stab,” 
of a mosquito or gnat. 

The common mosquito, or stabbing gnat (Culex 
pipiens) does not transmit the malaria parasite; the 
spot-winged mosquitoes, of the genus Anopheles, some 
of which are abundant in England, and others in 
nearly all parts of the world, being the carriers of the 
parasite. This parasite multiplies not only in the 
human blood, but in the 
stomach and tissues of the 
gnat; but to.describe the 
mode in which it develops in 
both situations would occupy 
too much space. 

Yellow fever, on the other 
hand, is propagated by a 
species of the genus Stegomyta 
—namely, the banded mos- 
quito, S. fasciata. Although 
in temperate regions the 
mortality from this disease is 
not high, in one year in the 
United States the deaths due 
to malarial.fever were 3,976 
per 100,000, and in a later 
year 2,673 per 100,000. In 
Italy the average death- 
rate from this cause alone 
1S 15,000 annually, while in India five milhon 
deaths were ascribed to ‘‘fever” in 1892; and 
in Italy 2,000,000 persons suffer annually in one 
way or another from malaria. An interesting question 
arises in connection with mosquitoes as to the nature of 
the food of the vast hordes of them that frequent the 
tropics ; 

ft Js, true that the” females: alone bire bun 
the proboscis is a highly perfected organ for piercing 
and sucking, and it might be supposed that it is exten- 
sively used for the purpose. Yet it has been pointed 
out that the vast majority of mosquitoes can never 
taste mammalian blood. In various places, such as 
parts of India, for example, mosquitoes are found in 
swarms in spots never visited by human, beings, and in 
which there are no large mammals. It has been sug- 
gested that, failing to obtain blood, mosquitoes support 
themselves on the juices of plants, but no observations 
in support of this have been recorded. 


DADDY-LONGLEGS 

The daddy-longlegs (Zzpulid@) contain the finest 
species of this division of the order; the largest Euro- 
pean form being the giant daddy-longlegs (Ivpula 
gigantea), which has its wings clouded with brown, and 
measures about.-1} inches in length. Much larger 
kinds are, however, met with in Burma and China. The 
short and fleshy proboscis is not adapted for piercing, 
but merely for absorbing fluids; and the antenne are 
not feathery, as is so often the case in the gnats and 
midges, although in the species of the genus Cfenophora 
—which are of stouter build, and often brightly coloured 
black and yellow, thereby resembling some of the sayy- 
flies—these appendages are comb-like in the male. 


In this family the eggs are laid and the larve ‘undergo 
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their growth and change of form either in water or 
earth. The females of two of the commonest British 
species (IT. oleracea and T. paludosa) may be seen in 
summer and autumn flying about meadows and 
depositing their eggs here and there in the soil. When 


hatched, the larvee start feeding upon the roots of grass 
damage to 
known by 


and corn, thereby doing considerable 
farmers and gardeners, to whom they are 
the name “ leather-jackets.”’ 


TRUE MIDGES 

The true midges belong- 
ing to the family Chirono- 
mide are nearly allied to 
the gnats, with which they 
are often confounded ; but 
the mouth parts are rarely 
adapted for piercing, the 
proboscis being short and 
soft. In the genus Cera- 
topogon the jaws of the 
females are, however, lancet- 
shaped, and capable of 


of the larve (a in figure, enlarged). This fly is com- 
pletely black, with the exception of its legs, which are 
brownish. The female, which is represented, greatly 
enlarged, at c¢ in the accompanying illustration is 
larger than the male, and has the abdomen terminating 
in a pointed stylet. 

In the male, on the 
the apex of the abdomen a 


there”) aS at 
pair of thick two- 
jointed claspers, and _ be- 
tween these a couple of 
small adjacent processes, as 
shown at 6. The ex- 
tremely small eggs are laid 
by the mother, to the 
number of about’ one 
hundred, upon soil among 
fallen leaves, on which the 
larve feed. On attaining 
maturity, these larve 
measure nearly a quarter 
of an inch long, and have 
the form represented at a. 
The black head is distinct, 


contrary, 


drawing blood. The little i ‘ and furnished with eyes, 
black midge that in the and the semi-transparent 
summer settles upon the ee flere dee od body consists of icc 
: “or P ‘ a. larva; 4, end of abdomen of male; c, female 5: ts ; 

hands and face and inflicts a segments, some of which 


sharp prick belongs to this genus; but the best-known 
member of the family is the plumed midge (Chivonomus 
plumosus), which on summer evenings may be seen 
dancing in swarms along roads and lanes. Its name 
has been given to this species on account of the beautiful 
feathery -like antenne of the male. 

In connection with this species a case of luminosity 
has recently been re- 
corded. An_ observer 
in Russian Asia found 
on the shores of ‘Lake 
Issykkul a number of 
examples of this midge, 
and of an allied form be- 
longing to the genus 
Corethra emitting a phos- 
phorescent light. Fail- 
ing to discover any 
luminous organ, he came 
to the conclusion that 
the light was due to 
the presence in the in- 
sect of multitudes of 
parasitic bacteria, an 
opinion strengthened by 
the observation that the 
shining individuals were 
sluggish and never seen 
on the wing. 


FUNGUS-MIDGES 

The fungus-midges 
(Mycetophilide) take 
their name from _ the 
fact that the larve of 
most species feed upon § 
fungi of various kinds. * 
The perfect insects, 
which frequent damp situations, are all of small size, and 
mostly pale in colour. To this family belongs the 
so-called yellow-fever fly, a species of the genus Sczara, 
which in North America is said to appear when yellow 
fever is prevalent. 

But perhaps the most notorious species is the so- 
called army-worm fly (Scvara militaris), which has long 
attracted attention on account of the peculiar habits 
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THE ARMY-WORM the 


are furnished with lateral black stigmata. 

In many countries of Europe where this insect is 
met with, vast hosts of these maggots, forming a 
compact mass, sometimes several feet long and an inch 
or two broad, have been seen at times creeping along 
at a slow pace through the woods like a greyish serpent. 
The maggots crawl along, not only side by side, but 
also one over the other, 
all adhering together by 
their sticky surfaces, 
and continually chang- 
ing their position in the 
column. At the close 
of their march, when 
fatigue or want of 
nourishment causes 
them to rest for a time, 
the larve composing a 
single train collect into 
a ball, which gradually 
diminishes in size, and 
finally disappears by 
the burrowing into the 
mould of those that 
are lowest in the mass. 
For a long while the 
reason for this peculiar 
habit remained wrapped 
in obscurity, and _per- 
haps even yet we do 
not understand its full 


significance. It has 
been suggested, how- 
ever, that when the 


supply of food for the 
multitude runs_ short, 
whole army _ is 

moved by a_ sudden 
impulse to start in search of fresh supplies. 

It is almost superfluous to add that the peasantry 
of the countries where this strange phenomenon is 
observable, failing to understand its true significance, 
have from time immemorial regarded it as something 
supernatural, and as foretelling various events in the 
future, some looking upon it as a sign of the imminence 
of war, others of the destruction of their crops, and so 


GALL-MIDGES 


forth. The pupaof the army-worm is shorter but con- 
siderably thicker than the larva. This stage lasts from 
eight to twelve days; but the perfect insect is short- 
lived, the female surviving apparently only long enough 
to pair with the male and : 

lay her eggs. 

When writing of one of 
the true midges, reference 
was made to a patho- 
logical case of phosphor- 
escence, but in the present 
family there are two in- 
stances known of the nor- 
mal occurrence of _ this 
phenomenon—not,  how- 
ever, in the adult insect, 
but in the larval or pupal 
stages. The first instance 
is furnished by Ceroplatus 
sestoides, a midge which, 
although not yet known to 
occur in England, has been 
met with in several of the 
countries of Europe. Here 
the luminosity is said to 
resemble that of the glow- 
worm, but proceeds from 


the entire animal, and 
from members of 
sexes. 


The larve, which are found in small colonies on the 
under side of a fungus, exhibit, when crawling in the 
dark, a moving streak of light, less bright than that 
emitted by the pupe. The insect also shines when 
lying in the cocoon, so long as its abdominal rings 
are still transparent and have not attained their 
complete colouring. The cocoons themselves are 
not luminous, but allow the light to be trans- 
mitted as through a paper lantern ; and since, as 
a rule, several of them are situated together, a 
more extensive glow is displayed, whereby both 
the cocoons themselves and the surrounding ob- 


DEVELOPMENT OF HESSIAN FLY ; 
both a, female enlarged and of natural size; 4, abdomen of male; c, pupa; ¢, skin 
of larva forming pupa-case ; ¢, larva seen in profile ; 4 larva from above 


From an agricultural point of view, these insects are 
the most important of all the gnat-like flies, since 
much damage is at times done to crops by their larva. 
The most notorious is the Hessian fly (Cecidomyia 
deslyuctoy), represented in 
its various stages in the 
accompanying illustration. 
This insect was_ believed 
to have been introduced 
into North America by the 
Hessian troops at the time 
of the War of Independence, 
whence the inhabitants of 
the United States gave it 
the name by which it is 
now commonly known. 
The adult female, which 
rneasures rather less than 
Eh ierngal Gye gist aoa, 1S 
mostly of a velvety black 
colour, varied with blood- 
red, especially on the ab- 
domen; while the rather 
larger male is browner, 
with the red clearer. 
These flies may be ob- 
served on the wing during 
the second half of April. 
They live, however, only 
: j for a few days, and perish 
soon after laying their eggs, which amount to about 
eighty or a hundred. These are placed separately 
or in pairs upon the leaves of the wheat-plant, and 
in a short time hatch, when the larve crawl down the 
leaf, reach the stalk, and burrow in it to take up 
their abode and feed upon its tissues. This does 
not immediately, nor in a direct manner, cause 
the death of the plant, but, weakening its stem, 
renders it liable to be beaten down by wind or 
rain, and causes it to bear inferior corn if it reach 
maturity. Towards the end of July the larve 
are full grown, and pass into the pupal stage ; 


; t COLUM- : 
jects are illuminated. When the insect is about parscH While at the end of August or the beginning of 
to emerge from the cocoon, the luminosity gradually FLY September the adults again appear and lay 


diminishes, and ultimately ceases altogether. 

The second instance is presented by a New Zealand 
midge, called Boletophila luminosa, the larva of which 
is known as the “ glow-worm.’ Here the female is 
luminous in all three stages of its existence, but in the 
male the luminosity disappears --—- 
two or three days before the 
emergence of the perfect insect. 
The luminous organ, which is 
situated in the posterior part of 
the body of the larva, consists of 
a gelatinous, semi-transparent 
structure, capable of extension, | 
contraction, and other changes of 
form, and, like its luminosity, is 
completely under the animal’s 
control. As to the part played 
by this organ in the midge’s 
economy, authors are at variance, ; 
one believing that the light 
serves to attract small creatures, 
so that they become entangled 
in a web of mucus, which the 
larva suspends in some niche in 
the soil. 


GALL-MIDGES 


The larva and pupa are shown in left corner 


their eggs-on winter wheat, the larve that are 
hatched from these passing the winter in the pupal 
state and completing their development in the spring. 
Nearly allied is the wheat-midge (C. tritici), which, 


as its name indicates, also attacks the wheat-plant, 


--y to which it at times does great 
damage. The female lays her 
eges—often in numbers—not on 
the leaves or stems, but in the 
_ heart of the blossom, and their 
| presence either entirely prevents 
the formation of any seed, or 
renders that produced of a poor 
kind. 

There are many other species 
of gall-midges which attack 
| different kinds of plants, such as 
the willow, hawthorn, etc., but 
“—§ lack of space forbids further 
me reference to them. One only 

| (Miastor metroloas) demands at- 
tention on account of the re- 
markable powers of reproduction 
of its larve. In the majority of 
cases insects are only able to re- 
produce their kind after attaining the adult state, 


The gall-midges (Cecidomyidz) are minute, fragile the larve being merely the young modified for 
insects, in which the wings are furnished with few a free and active existence; but the larve of 
veins, are often hairy, and always fringed on the edges. this midge, which are found under the bark of 
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trees, possess the remarkable power of produc- 
ing living young within their bodies. These grow 


to a certain size at the expense of their parent, whose 
vitals they devour, then rupture the empty skin and 
start life on their own account. The second larve 
repeat the same process of reproduction, and so the 
phenomenon continues through the colder months. 


SAND-FLIES 

The two families now to be mentioned have been 
termed the anomalous, or fly-like, Nematocera, since, 
although their antenne are many-jointed, they are 
shorter than in the foregoing families, and their limbs 
and bodies, instead of presenting the aspect of those 
of the gnats and midges, are shorter, thicker, and closely 
approach in this respect those of ordinary flies. To 
the family Simuliid@ belong the minute “‘sandflies ” of 
the tropics, which surpass even the mosquitoes in their 
venomous bite, 
and on account 
of their minute 
size are far more 
difficult to cope 
with. In these 
itSeecns the 
mouth parts are 
adapted for 
piercing; and 
the early stages 
of life are passed 
in water. 

(ive = ‘west 
known Euro- (¢ 
pean example is x 
the Columbatsch 
fly (Stmulia col- 
umbatzensts), 
taking its name 
from a village in 
Servia, where it 
is a great pest. 
In fact, in all 
the countries ir- 
rigated by the 
lower waters of 
the Danube, 
this fly, hardly 
larger than a 
flea, abounds; 
and it is said 
that in Hungary 
cattle and sheep 
have been de- 


stroyed by hun- GREAT 
dreds owing to 
the tortures they have suffered from these insects. 


The second family of the group (Bibionide) contains 
the well-known St. Mark’s fly (Bzbio marci), a large, 
black, hairy, slow-flying insect, common in spring, and 
taking its name from its being frequently seen in 
numbers on or about St. Mark’s Day. The two sexes 
differ greatly in many respects, the male having the 
wings clear, whereas those of the female are dusky 
again the eyes in the male are so large that the entire 
head seems to be composed of them, but in the female 
these organs are small and wide apart. 

The eggs—in number amounting to about one 
hundred and fifty—are laid on the ground among 
vegetable or animal débris, on which the larve subse- 
quently feed. After passing the winter in the soil in 
an immature state, the larvee ascend to the surface in 
the spring, and enter the pupal stage, from which, after 
about a fortnight’s time, the perfect insects emerge. 


HORSE-FLIES 


HORSE-FLIES 

Although related to the gnats and midges by the 
nature of the slit through which the pupa makes its 
escape from the larval skin, and consequently referred 
to the section Orthorrhapha, the flies of this family 
approach those of the second section in the shortness 
of their antennz, and since all the Diptera with short 
antenne were formerly termed the Brachycera—as 
opposed to Nematocera—these and the remaining 
families of the suborder are often grouped together as 
Orthorrhapha Brachycera. Although the horse-flies 


(Tabanid@) are often termed gad-flies, the latter name 
is proved by Anglo-Saxon literature to have been 
originally applied to the (Estrus group of the Muscide. 

Horse-flies are distributed all over the world, and 
vary but little in outward form, usually having large, 
flat bodies, and being generally of a dull reddish brown 
colour. 


They are all blood-suckers, and the mouth 
parts attain a 
high degree of 
perfectionas 
piercing instru- 
ments. A com- 
mon representa- 
tive of the family 
in England is the 
so-called clegg 
(Hematopota 
pluvialts), a 
greyish insect 
which has a habit 
of pitching 
quietly upon the 
hands or face, 
and inflicting a 
sharp prick al- 
most before the 
victim is aware 
of its presence. 
Fortunately, 
however, it is 
easily killed, for, 
instead of taking 
flight, it gene- 
rally stays where 
it has settled, 
and allows itself 
to be crushed. 

A larger, 
though scarcer, 
British species is 
. the great horse- 

~ fly (Tabanus 
bovinus), the 

female of which 

sucks the blood of large mammals, such as_ horses, 
asses, and cattle. The males always frequent flowers ; 
and the larve in form and habits show considerable 
resemblance to those of the daddy-longlegs, living in 
the soil and feeding upon the roots of grasses. In 
this way they spend the winter, reaching maturity in 
May, when they pass into the pupa -stage, the fully- 
formed insect appearing in June. f 

“The ‘coachman-fly’ (doubtless one of the 
family Asitlid@) is said to feed on the horse-flies ; 
and will sit through a whole drive on the collar 
or some other part of the harness, or even on 
the steed itself, in order to pounce on the insects 
as they settle. The curious thing is that the 
horses seem to know the difference, for directly 
a horse-fly comes, even if it does not sting, they 
become restless, tossing their heads, and lashing with 
their tails, but the ‘coachman’ may rest on any 
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part of them for any length of time, and never be 
- interfered with or driven off.” 


ROBBER-FLIES 

The flies of the family Asil/d@ are generally of a some- 
what slender build, the body being long and parallel- 
sided, while the legs and wings are long and strong. 
All are provided wth a short, powerful, piercing pro- 
boscis, and prey upon insects 
of various kinds, often seiz- 
ing and carrying off butter- 
flies much larger than them- 
selves. The general form of 
the members of this family 
is shown in 1 of the illus- 
tration, representing Dioctria 
oelandica, a species from the 
island of Oeland, off the coast 
of Sweden, with a shining 
black body and wings of the 
same colour. I 

Many species of the genus 
Astlus are found in Britain, 
but the largest and handsomest of all is the hornet 
robber-fly (A. crabrontformis), measuring upwards 
of an inch in length and of a yellowish colour 
variegated with black, there being four stripes of the 
latter colour upon the thorax, and a broad transverse 
band across the base of the abdomen. 

Some of the tropical members of the family are far 
larger, those belonging to the genus Mydas, from 
South America, being scarcely surpassed in 
dimensions by any member of the order. — 

The fly represented in 2 of the illustration 
is the tesselated empis (Empis tesselata), 
belonging to the family Empide, the species 
of which are predaceous, like the Aszlid@, and 
resemble them in form, but differ in certain 
structural details which need not be dwelt 
upon. The tesselated empis—the largest 
member of the group found in Britain—is 
ashy grey in colour, and has its abdomen ornamented 
with a chess-board pattern. As Mr. Dallas expressed 
it, ““when paired, the females of this and of many 
other of the larger species of the family are always 
found to be busily engaged in sucking out the juices 
of some other insect. It seems probable that the 
male seizes the opportunity of his intended partner 
being thus occupied to make his advances ; if her mouth 
were free he would in alllikelihood ——.....-..-— 
himself fall a sacrifice to her 
voracity.” 


BEE-FLIES 

The families of short-horned, 
straight-seamed flies hitherto con- 
sidered resemble each other in the 
fact that the larve live in the 
earth, and feed upon the roots of 
grass or other vegetable matter, 
while the adults prey upon other 
animals, whose blood they suck. 
But in the bee-flies (Bombyliid@) 
—so called from the likeness in 
hairiness and shape they present 
to humble-bees—the larvz, so ; 
far as known, live parasitically on other insects, 
attacking grasshoppers, caterpillars, etc., while the 
adults suck the juices of flowers. The genus Bomby- 
ius is represented in England by a small number of 
species, although in the tropics there are large numbers 
of forms. In all the thick, fat body is covered with 
long, yellow hairs. The wings are powerful, and the 
head is furnished with a long proboscis, which is thrust 
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SKIN PROTRUDING FROM COCOON OF BEE 


ROBBER-FLIES 
1, Dioctria oelandica ; z, Empis tesselata 


FEMALE OF 
STRATIOMYS 
CHAM ALEON 


into blossoms while the insect (8 in figure on page 
1927) stays poised in mid-air, like a hawk-moth 
when similarly occupied. 

The black-and-white bee-fly (Anthrax semiatra) is 
mostly of a black tint, and clothed with hair of the 
same colour; but the hairs on the front part of the 
thorax and abdomen take a yellowish tinge, the wings, 
as shown in the illustration, being black in the basal 
half but clear elsewhere. 
These insects may be seen 
aja, on the wing in dry, sunny 
Ij, spots, stopping from: time to 
2 time to suck a flower or rest 
upon a stone, and seeking 
for the cells of solitary bees 
wherein to deposit their eggs. 
The left-hand figure shows 
the cocoon of one of these 
bees, with the pupa-case, 
: from which the fly on the 
2 right has just emerged, pro- 
truding from it. 

For the last family of this 
section (Stratzomyid@) the common Stratiomys chameleon 
may be taken as the type. This is a rather large 
insect, with a short, broad abdomen, variegated at the 
sides with pale spots; the sides of the face and 
posterior parts of the upper surface of the thorax 
being also yellow. The antennz are longish, and 
the hinder part of the thorax is armed with a pair of 
spines. The females, which may be seen on the wing 
in the neighbourhood of marshes, ponds, and 
ditches, lay their eggs on the leaves of 
water-plants, and the larve spend their time 
wriggling about in a helpless way. 

In these larve the body consists of twelve 
segmouts, is somewhat depressed, pointed at 
each end—though more so towards the tail 
than the head—and covered with a tough 
blackish brown skin. The head is small and 
pointed, and the retractile tail-segments are 
furnished at the tip with a breathing orifice surrounded 
by a circlet of barbed hairs. By means of these 
the larva is enabled to suspend itself from the surface 
of the water, hanging vertically downwards with the 
orifice just above the water’s level, and is also able by 
the folding in of the hairs to take a bubble of air below 
the surface when it sinks to the bottom. The larve 
feed on such particles of matter as they find in the water, 

- . and when ready to pass into the 
pupal stage creep to the land, 
and take refuge beneath a stone 
or in some other place of safety. 
The development of the pupa 
and perfect insect takes place 
only in the front part of the 
larval skin. 

A curious choice of habitat for 
the young on the part of some 
flies belonging to this family has 
been recorded from Wyoming. 
These larvee were found in a cup- 
shaped depression at the top of a 
cone about twenty inches high 
situated a few feet from a large 
sulphur mound, under which the 
boiling water could be heard. Through small apertures 
in the bottom the hot water rose and filled the cup. 
It was in this that the larve were found; and it is 
estimated that the temperature of the water was only 
twenty or thirty degrees_below boiling point. 

They are not the only animal forms which have 
become adapted to a life in very hot water, and a 
parallel may be found among some lower plants. 


1925 


HARMSWORTH NATURAL HISTORY 


CIRCULAR-SEAMED FLIES 

The suborder Cyclorrhapha, which is characterised by 
the circumstance that the pupa escapes from the larval 
skin through a circular aperture formed by the pushing 
off of the head-end, contains the majority of ordinary 
flies. It is divisible into two sections, the first of which 
includes those that present the normal method of 
development, the young being hatched from eggs laid 
by the mother, although very rarely the eggs hatch 
immediately before being laid. The second embraces 
those in which the young are retained within the parent’s 
body, and nourished at its expense until the pupa 
stage is reached. The flies of the last category are for 
this reason generally called pupipara. 


HOVER-FLIES 

The family Syrphide includes a number of species 
which, although differing considerably in external 
form, may be distinguished from other members of the 
suborder by the presence of the so-called spurious 
vein in the wing—a vein lying between the third and 
fourth longitudinal veins, and crossing the short trans- 
verse vein (marked y in the figure on page 1918) which 
unites them. They also bear considerable superficial 
resemblance, both in colour and shape, to various 
bees and wasps. The best known types are the 
hover-flies (Syrphus), drone-flies (Eristalis), and humble- 
bee flies (Volucella). 

The hover-flies of the genus Syrphus, which with 
their black and yellow bands mimic wasps, are so 
named on account of their habit of hovering in flower 
gardens in summer, darting from blossom to blossom, 
and often sustaining themselves poised in mid-air, 
after the manner of a hawk. The females lay their 


eggs singly on leaves and stems infested with plant-lice ; © 


and the larve devour numbers of these pests, seizing 
them in a most voracious manner, : 


the long tail-like appendages at the hinder end of the 
body. With this flexible and telescopic tail, traversed 
by tracheal tubes opening at its tip, the maggot is able 
to breathe while below the water, by keeping the tip 
of its tail above the surface, where it is supported by 
the rosette of hairs round the extremity. The eggs 
of drone-flies are also laid in dead carcases and other 
refuse, and it is now believed that the legend of the ox- 
born bees is traceable to this habit of the fly, in con- 
junction with its striking resemblance to the honey-bee. 

The belief that honey-bees are produced by spon- 
taneous generation from carcases of dead animals has 
prevailed for more than two thousand years, but, 
according to Osten Sacken, “‘ the original cause of this 
delusion lies in the fact that a drone-fly (Eristalis tenax) 
lays its eggs upon the carcases of animals, that its 
larve develop within the putrescent mass, and finally 
change into a swarm of flies, which in their shape, hairy 
clothing, and colour look exactly like bees, although 
they belong to a totally different order of insects.” 


HUMBE®BEE FLIES 
Scarcely less interesting than the drone-flies are the 
species of Volucella. These large flies (page 1927) mimic 
humble-bees in colour and form; and it was long 
supposed that the females were thus enabled with 
impunity to enter the nests of humble-bees and lay 
their eggs amongst those of the proper owners. But 
although it is true that the eggs of the Volucella are laid 
and the larve reared inside the nests of various Hymen- 
optera, it has been ascertained that the species which 
resemble humble-bees visit for the same purpose the 
nests of wasps, to which the flies bear no particular 
resemblance. And it is hardly credible that the wasps 
give access to the flies under the delusion that they 
are members of the community, as was conceivable in 
the case of the bees. We are com- 


sucking them dry, and reiecting the 
empty skins. 
DRONE-FLIES 

Like the hover-flies, drone-flies 
(Evistalis) frequent flower gardens, 
where they may be seen in numbers 
on various blossoms. As their name 
indicates, these flies resemble honey- 
bees, the likeness being so close 
that it is difficult to persuade an ! 
uninitiated person that they may 
be handled with impunity. The 
resemblance, which is enhanced by 
the ceaseless twitching of the abdo- 
men, appears indeed ‘to be more | 
deeply seated than might at first be 
supposed, for spiders, which recognise 
their prey by touch and not by sight, | 
treat the drone-flies with caution. 
Thus, a blue-bottle fly placed in a | 
web of the field-spider was immedi- 
ately and without hesitation seized 
and devoured, although a humble-bee 
was avoided by the spider, which— 
evidently fearing to come to close 
quarters—let out a thread, and rush- 
ing round and round its victim at a 
distance, succeeded in winding it up, and then ap- 
proaching, inflicted a bite which soon put an end to the 
insect’s struggles. When a drone-fly was thrown into 
the web, the spider darted at it as before, but as soon 
as it touched the fly with its fore-legs, recoiled, as if in 
alarm, then returning to the attack, dealt with the harm- 
less victim just as it had acted with the humble-bee. 

The larve of the drone-flies live mainly in ditches 
and feed upon decaying organic matter, and are 
commonly known as rat-tailed maggots, on account of 
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HOVER-FLIES 
1, fly; 2, fly hovering ; 3, larve devouring plant 
lice on leaf 


| pelled, therefore, to conclude that the 
flies are allowed by the bees and 
' wasps to come and go without inter- 
| ference for some reason apart from 
the resemblance that exists between 
the two sets of insects. 

It is, of course, possible that the 
| similarity offered by the flies to bees 
and wasps is more deeply seated than 
was supposed, and affects such senses 
/ as touch or smell, or some other 
unknown sense, but there seems no 
evidence to justify this supposition ; 
_ and if the maggots of the flies feed 
, on the larve of the bees or wasps, we 
/ are not yet in a position to offer 
an explanation of the phenomenon. 
If they play the part of scavengers, 
clearing the hive of waste matter, 
_ the reason for the admittance of the 
| flies becomes clear. 


WASP-FLIES 

Closely resembling many of the 
Syrphide in their banded coloration, 
which imparts to them a wasp-like 
aspect, the members of the family 
Conopide may be recognised by the 
absence of the spurious vein in the wings, and also 
by their broad heads, of which the fore part is pro- 
duced into a conspicuous prominence bearing the long 
antenne. Like the horse-flies, the Conopide in the 
adult stage frequent flowers, but they lay their eggs 
in the bodies of various Hymenoptera, like bees 
and wasps, and also in crickets and other Orthoptera. 
Here the eggs hatch and the larve feed upon the living 
tissues of their prey, and here they undergo their 
metamorphosis, although they do not invariably 
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quit the place of their develop- | SRS 
ment upon the death of the vic- 
timised host. Taschenberg, for 
example, found the pupa, of 
Conops vittatus emerging from 
the abdomen of a humble-bee 
which had been for six months 
in his collection. 

The Conopide are widely dis- 
tributed, ‘and especially abund- 
ant in the tropics. Mr. Bates 
gives an account of the habits 
of a species which he noticed 
hovering over the armies of 
foraging ants. These ants, he 
Says, “are accompanied by 
small swarms of a kind of two- 
winged fly, the females of which 
have a very long ovipositor, 
and which belongs to the genus 
Stylogastey. These swarms 
hover with rapidly-vibrating 
wings, at a height of a foot or 
less from the soil over which 
the ants are moving, and occa- 
sionally one of the flies darts 


with great quickness towards 
the ground. [found that they 
were not occupied in transfix- 
ines Ants So. but “most 
probably in depositing their 
eggs in the soft bodies of insects 
which the ants were driving 
away from their hiding-places. 
These eggs would hatch after 
the ants had placed their booty 
in their hive as food for their 
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young. 


IYPICAT ERIES 

The family Muscide em- 
braces a large and _ varied 
assortment of species, of which 
house-flies and blow-flies are 
well-knownexamples. The cha- 
racteristic structure of the wings 
may be seen by referring to the 
figure on page 1918. The pro- 
boscis is adapted for sucking, 
and usually ends with two 
fleshy lobes. The flagellum of 
the antenne is generally plumed 
with hairs on both sides, though 
sometimes, as in the tsetses, 
the hairs are restricted to one 


may be naked. The relative 
size of the three basal seg- 
ments of the antenne varies in different genera, but 
usually, as in the blow-flies, the house-flies, and the 
tsetses, the third segment is at least three times the 
length of the second (see 6 in figure on page 1929, and Io 


in that on this page). It may also be mentioned that the 


upper surface of the thorax is marked with a trans- 
verse suture, and that the feet are furnished with a pair 
of adhesive pads (as in the upper figure on page 1928). 

The family is divided into several subfamilies, and 
these may be grouped in two sections, based upon the 
presence or absence behind the wings of a membranous 
‘scale which, when present, covers the halteres or 
balancers. The subfamilies that possess this scale 
are termed the calypterate Muscid@ ; while those that 
are without it are, in contrast, called the acalypterate 
Muscide. Taking the calypterate Muscidae, we begin 


- 2 é : 4 . I, common wasp; 2, 3, honey-bees; 4, hairy-legged bee ( Dasypoda); 5s, solitary wasp (Pompilus); 6, stone 
side, while in the spiny-flies 1t .humble-bee ; 7, common humble-bee } 8, bee-fly (Bombylius) ; 9, humble-bee fly (Volucella) 3 10, spiny fly (Tachina) ; 


11, noctuid moth (Anarta); 12, 13, field tiger-beetle, crawling and flying ; 14, wood tiger-beetle; 15, rose beetle 
(Cetonia) ; 16, dung-beetle (Typhozus); 17, field-cricket ; 18, grasshopper (Stenobothrus). 


with the subfamily Muscine, of which the house-fly 
(Musca domestica) is the typical representative. 

This species may be found during summer in numbers 
in every house, crawling up the window-panes, flying in 
companies about the micile of the rou Lor creezig- 
about the table in searc] of food. It is the unweicome 
companion of man in every country, following him in 
his travels, taking 2p its residence with him wherever 
he may choose tosettle, and resisting equally well the 
cold of northern.atitudes and the heat of tropical climes. 
For the most prt, the eges are laid and the larve under- 
go their devfopment in excrement; but the choice of 
the female does not seem to be always restricted to 
matter ofthis sort, since she sometimes selects meal, 
bread, Oo” fruit, for the purpose. These flies are liable 
to the attacks of a parasitic fungus (Empusa musce) 
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which causes their death, and in autumn it is not 
“uncommon to find their bodies killed by this means, 
with the abdomen much distended, and showing the 
soft membrane between the segments. 

The common blue-bottle, or blow-fly (Calliphora 
erythvocephala), is too well known to need description. 
One of the most noteworthy features connected with 
this fly is the extraordinary keenness of the sense— 
perhaps smell, which enables it to discover the where- 
abouts of carcases, however small, or of 
particles of meat. In these it hastens to lay 
its eggs ; and in a longer or shorter time, 
according to temperature, the eggs hatch, 
and the larve, feeding upon the meat, 
rapidly grow until they reach maturity and 
pass into the pupa stage. 

Many persons believe that blue-bottles are 
full-grown examples of the house-fly, and 
when informed that such is not the case, 
and that these insects after reaching the 
winged stage are incapable of growth, point 
out that blue-bottles vary greatly in size, 
and ask what may be the explanation of 
the difference. The answer is, that the size 
of the blue-bottle in its final stage depends 
upon the size of the maggot before pupating, 
and.the size of the maggot upon the amount 
of nourishment it is able to obtain before 
its supply of food was. exhausted. In any 
given case, when the supply is limited, the 
maggots that are the first to hatch will get 
more food than those that appear later, and, in con- 
sequence, when the whole of it is exhausted, will have 
attained a greater length and fatness than the others, 
and thus become converted into larger flies. Or, 
again, if three or four hundred eggs be laid in a dead 
mouse and the same number in a dead rabbit, it is 
cleat that in the former case the supply of food will be 
smaller for each larva, and will sooner come to an end 
fhan ta tMealatier. CS EAR 

The grey flesh-fly 
(Sarcophaga carnaria) 
is a handsome species, 
measuring in the 
female half an inch in 
length. Seldom enter- 
ing houses, it is not 
uncommon in the 
open country, where 
it may be seen basking 
in the hot sun upon 
stones or walls. Its 
prevailing colour is 
pale slate-grey, varie- 
gated on the thorax 
with black bands, and 
the abdomen with 
square black spots, 
set corner to corner 
like the squares of a , 


HEAD: OF HOUSE-FLY 
AND FOOT OF GREY 
FLESH-FLY 


living animals. Thus it is by no, means uncommon 
for sheep to be attacked in this way by a green-bottle 
fly (L. sulvarum). 

“Toads and frogs also seem. to be frequently selected 
as objects of attack on the part of these flies. In one 
case the eggs of a green-bottle fly were laid on a toad’s 
back, and the-larve upon hatching migrated into its 
eyes. In other cases the laying of the eggs and the 
migration of the larvae have not been actually 
observed, but toads have been found with 
their nostrils infested with maggots; and 
it is possible that the latter may have 
effected an entry from the outside, as 
described above. 

Cases are also on record of the death of 
lizards from maggots of blow-flies, which 
testify to the extraordinary vitality of the 


latter. In one instance a gecko fed on blue- 
bottles was found to have the whole 
abdominal region greatly distended. It 


soon afterwardg died, and on dissection its 
intestines, lungs, and liver were found to be 
almost entirely destroyed by maggots, whose 
presence was naturally attributed to~ eggs 
from gravid female blue-bottles, which had 
been swallowed as food. In another case, 
some lizards fed on the living maggots of the 
blue-bottle died in consequence of the attacks 
on their internal organs by their intended 
food. Far more important are the cases of 
infection of human beings; the resulting 
sickness, which often’entails great suffering, and may 
end in death, being known as myzasis. 

The sharp-mouthed fly (Stomoxys calcitrans), repre- 
sented in 9 of the figure on this page, closely resembles 
the house-fly in size, shape, and colouring, but may 
be recognised by its sharp, horizontally projecting 
proboscis, and also by the flagellum of the antenne 
being hairy upon one side only. By means of its 
____ proboscis 1 
pierces the skin of 
cattle and horses, or 
even of man 

Resembling Sto- 
moxys in habits and 


in the structure of 
the antenne and 
mouth - parts, the 


| tsetse flies: (Glossina) 
of Tropical Africa, 
although barely 
equalling a_ blow-fly 
in size, are some of 
the greatest pests to 
domestic cattle, gras 


amply testify. As 
shown in the illustra- 


| the proboscides of the 


chess-board. A note- GROUP OF FLIES AND THEIR GRUBS fiixs are long ».and 
worthy fact conneci.au blow: , efes; 3, larvee; 4, pupa; 5, newly-born larva of grey flesh-fly ; 6, grey flesh- prominent, and -the 
with this species is fly; 7, a i > same; 8, house-fly and larva; 9g, sharp-mouthed fly ; 10, ‘carcase antennz (b) are 
that the eggs hatch of house-fly killed by fungus growth peculiar in that the 
within the parent before being lai. so that the young third segment is very long and produced almost as 
are born alive; ‘they feed upon decaying animal far as the apex of the flagellum, which is furnished 
and vegetable mattef. Bors with barbed hairs along its outer surface only. 

The blow flies belonging to the generaCalliphora and Writing of the South African species, Livingstone 
Lucilia, respectively known as the bhe-bottle and Says : ‘¢ This insect is certainly not very much 
green-bottle flies, as a general rule deposi. their eggs larger than the common house-fly, and is nearly 
upon dead animal matter. This, however,is by no of the same brown colour as the honey-bee. 
means always the case, there being many instaices on The after part of the body has three or four yellow 
apes re rh ogd x Se a ee oe - ; * . at ene 5 c 2 
record of their laying and hatching of the egg, upon bars across it. It is remarkably alert, and evades 
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this. - fly 


the following accounts ~ 


tion on opposite page, - 


bi 


eh? 


ing 


‘ ; 
Sip opiate 


z 
= 
‘ 


- remarks that*‘‘ nowhere does this virulent 
~ insect exist 


_ the rivers, becoming scarcer and scarcer as 
* one adwances inland, till at a distance of a 
-— few miles it disappears, except in some par- 
, ticular patches of forest. 


- species of game and to man, 


TSETSE-FLY 


dexterously all attempts to capture it with the hand at 
common temperatures. In the cool of the mornings 
and evenings it is less agile. Its peculiar buzz when 
once heard can never be forgotten by the travellers 
whose means of locomotion are domestic animals, 
for its bite is death to the ox, horse, and dog. In this 
journey, though we watched the animals carefully, 
and I believe that not a score of flies were ever upon 
them, they destroyed forty-three fine oxen.” 

A most remarkable feature is the perfect harmlessness 
of the bite to man and wild animals, and even calves 
so long as they continue to suck the cows, though it is 
no protection to the dog to feed him on milk. The 
poison does not seem to be injected by a sting, or by 
ova placed beneath 
the skin, for, when 
the insect is allowed 
to feed freely on 
the hand, it inserts 
the middle prong 
of the three por- 

~ tions into which the 
proboscis divides 
somewhat deeply 
into the true skin. 
It then draws the 
prong cut a little 
way, and it assumes 
@ crimson colour 
as the mandibles 
come into brisk 

_ operation. The 
previously shrunken belly swells out, and, if left un- 
disturbed, the fly quietly departs when it is full. A 
slight itching irritation follows the bite. 

In the ox the immediate effects are no greater than 
in man; but a few days afterwards the eyes and nose 
begin to run, the coat stares, a swelling appears under 
the jaw, and sometimes at the navel; and though 
the poor- creature continues to graze, emaciation 
begins, accompanied with a peculiar flaccidity of the 
muscles. This proceeds unchecked until, perhaps 


i 
- months afterwards, purging comes on, and the victim 
(2 


dies in a state of extreme exhaustion. 

With the gradual spread of civilisation, it might be 
supposed that the ravages of this pest would become 
lessened, but this does not appear by any means to be 
the case. Writing in 1881, Mr. Selous 


in such numbers as to the 
“westward of the Victoria Falls, along the 
“southern bank of the Zambesi and Chobi. 
“It is usually found in great numbers near 


Along the water’s 
edge they are an incredible pest, attacking 
one in a perfect swarm, from daylight till 
sunset ; and without a buffalo or giraffe tail to swish 
them c#, life would be unendurable. About 
one in every ten bites (that perhaps touches a nerve) 
closely resembles the sting of a wasp or bee, as it will 
cause one, when seated to spring up as if pricked 
with a needle. 

I think that this plague of the tsetse flies along the 
Chobi and Zambesi is due to the enormous numbers of 
buffaloes that frequent their banks, as they always 
seem very partial to these animals. The bite of this 
remarkable insect, as is well known, though fatal to 
all kinds of domestic animals, is innocuous to every 
A general belief exists 
that among domestic animals, the donkey, dog, and 
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goat are exceptions to this rule; but this is a mistake, 
for I have seen all three die from the effect of its bites.” 

The genus to which the common tsetse belongs is 
represented in Tropical Africa by several species, all 
of which seem to be similar in habits. It ranges from 
Somaliland in the east and the Congo in the west, 
southwards as far as the Limpopo. Tsetses are by no 
means universally distributed throughout the country, 
being somewhat local in their distribution, and in- 
habiting definite tracts of land, corresponding with the 
beds of rivers, from which they do not appear to spread 
to any great distance. 

From all other flies, tsetses are readily distinguished 
when at rest by the complete closure of the wings, which 
shut like the blades 
of a pair of scissors, 
instead of having 
their tips divergent. 
The shortness and 
the stoutness of the 
proboscis is likewise 
a characteristic. 

As already men- 
tioned, the mouth- 
parts of these blood- 
sucking flies are 
adapted to pierce 
the thick skins of 
large mammals, 
such as zebras and 
SMe MOOS, “Wine 
blood of some of 
the animals thus attacked is infested with a host 
of somewhat eel-like parasites, known as Trypanosoma 
brucet.- These are carried adhering to the proboscis 
of the tsetse, and are thus introduced into the 
blood of domesticated animals, like. the horse and 
the ox, thereby producing the  tsetse-disease, ot 
nagana. The flies act simply as carriers of the blood- 
parasites, which undergo no development in the bodies 
of the former ; the process is therefore unlike malaria 
contagion, in which the parasites undergo a part of 
their development within the body of the mosquito. 
Isetses are also carriers of the parasite which produces 
the dreaded “ sleeping sickness ”’ in the human subject. 

Another group of flies constitutes the subfamily 
Tachinine, of which the best known examples are the 
spiny-flies (Luchina), so called on account of 
the thickness of the bristles with which their 
bodies are clothed. Of stout and robust 
build, these flies present a great resemblance 
to blow-flies and their allies, but have the 
bristles of the antenne naked, or feathery 
only at the base, and the scales covering 
the balancers of larger size. The larve, like. 
those of the Conopide, live parasitically upon 
other insects, such as beetles, grasshoppers, 
and caterpillars. 

The great spiny-fly (Echinomyia grossa), 
rather a local species, is the largest representative of 
the family found in Britain. It is about two-thirds 
of an inch long, with a short, broad, oval abdomen ; 
the shining black of its body being relieved by the 
reddish yellow colour of the head and the base of the 
wings. The allied species (E. fevox) represented in the 
illustration, is brownish, with the abdomen tinted 
with red at the sides. Belonging to the same 
subfamily is the Australian fly Rutilia, remarkable 
among the order for being ornamented with bright 
metallic green spots. 

By reason of their external form and general colour- 
ing, the flies of the subfamily Anthomyine appear to 
the casual observer to be nothing but ordinary house- 
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flies, but they may be distinguished from the latter by 
the absence of the apical transverse vein on the wing 
(marked d on the figure of the fly’s wing on page 1918). 
The scales, moreover, which cover the halteres are very 
small, and lead up to the condition found in those flies 
in which they are absent. The larvae, which differ 
/ from those of the house and 
blow flies in being covered 
with spines, live on plants 
of various kinds, those that 
have attracted most atten- 
tion being the species that 
attack cultivated vege- 
tables, such as_ onions, 
cabbages, lettuces, radishes, 
and the like. 

Those members of the 
family having no _ scales 
covering the balancers and 
assigned to the subfamily 
Trypetine are generally of 
small size, many being very 
obnoxious on account of 
the damage inflicted by 
their larve on various marketable vegetables. Of 
the numerous species, it is only possible to notice a 
few. The first is the painted-winged asparagus-fly 
(Platyparea peciloptera), which, as its name indicates, 
has variegated wings, and attacks asparagus. The 
male (left of figure) is smaller than the female, 
and the latter sex may be recog- 
nised by the possession of a _ long 
ovipositor, by means of which she 
deposits her eggs between the scales 
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(Elaphomyia), takes its name from the development of 
the sides of the head into large branching horns. This, 
however, is only a sexual character, and confined to the 
male. Finally, the small black fly (Piophila caser) known 
in the grub-stage as the cheese-hopper, belongs to that 
group of Muscid@ in which there are no scales to cover 
the balancers. 


GAD-FLIES AND BOT-FLIES 


The. flies of the family stride are mostly of large 
size, and many present superficial resemblance to 
various kinds of bees. In structural characters they 
are nearly allied to house-flies, but the head is larger 
and broader, and the mouth-parts are reduced. In 
the larval stage gad-flies infest, either as internal or 
external parasites, various mammals, but since those 
that attack domestic cattle have been more thoroughly 
studied than the others, attention will mainly be 
directed to three of the best known forms, namely, 
those that infest respectively horses, oxen, and sheep. 

The horse bot-fly (Ga@strophilus equt), which resembles 
the honey-bee in size, colour, and form, lays its eggs 
on the skin of horses, asses, and mules, which seem to 
have an instinctive dread of the insect. It has been 
noticed, moreover, that the gad-fly instinctively selects 
for the purpose a spot that is well within reach of the 
quadruped’s mouth. The reason for this, although 
not at first very obvious, becomes clear when it is 
understood that the larval fly can only obtain its 
proper nourishment in the alimentary canal of its host. 

As soon as the maggot emerges from 
the egg, it starts to irritate the horse’s 
skin. Thereupon the horse, to remove 
the irritation, licks the infested spot 


of the head of the asparagus. The 
laying takes place about the beginning 
of May, and in two or three weeks, 
according to the season, the eggs 
hatch, and the larve burrow into 
the stalk of the plant. In a fortnight 
or so the latter reach maturity, and, 
after passing through the pupa stage, 
develop into flies towards the end of June. 

Many more or less nearly allied species are found in 
England and other countries, but it will suffice to 
indicate a few of the more important. Of these the 
cherry-fly (Spilographia cerasi) and the  olive-fly 
(Dacus olee) devour in their larval stages the fruits after 
which they are named ; while the various species of the 
genus Ceratitis similarly attack the orange. Recently 
C. capitata was very destructive to the mandarin 
oranges in Malta, and seems to have been first intro- 
duced into the island about thirty years ago. 

This fly is lively and hardy, as shown by the fact 
that a specimen kept under a glass shade without food, 
maintained its activity for twelve days. When egg- 
laying, the female chooses the side of the fruit exposed 
to the sun, where it perforates the rind so that the 
larve, upon hatching, start at once to devour the 
nutritious food. The infected fruit drops to the ground, 
and the larve, when mature, pass out to become pupa 
beneath the earth. Besides oranges and other acid 
fruits, peaches and melons are attacked by this fly. 

The figure represents another of these injurious 
little insects (Chlorops teniopus), a shining yellow fly 
variegated with black bands. This species and its 
allies, which are most destructive in the larval stage 
to cereals and grass, much resemble in the cycle of 
their development the above-mentioned Hessian fly. 
Allied to the preceding in structure and habits are the 
members of the subfamily Ovtaline, containing the 
genus Ortalis and others. A curious representative 
from the Malay Archipelago, known as the staghorn-fly 


CHLOROPS TA NIOPUS 


and swallows the maggots, which then 
attach themselves by means of their 
hook-like mandibles to the inner wall 
of the stomach, or cesophagus, making 
little excavations, and nourishing them- 
selves by sucking up the secreted mucus. 
Here in perfect security they live and 
grow for about a year, after which, 
when nearly full grown, they enter the intestine and 
pass out of the body with the excrement. Falling to 
the ground, the maggots bury themselves in the soil 
and enter upon the pupal stage. In favourable 


weather, the perfect insect is produced from the pupa 
in about six weeks. 
The ox-bot, or ox-warble (Hypoderma bovis) deposits 
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its eggs in the hair of the skin of cattle, and the maggots, 
after hatching, burrow through the skin and take up 
their lodging in the tissues beneath, where, in course of 
development, they give rise to the large tumours known 
as warbles, each of which opens to the exterior by 
means of a small aperture. In these tumours the 
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maggots remain for ten or eleven months until practic- 
ally full-grown, when, quitting their host, they fall 
to the ground, bury themselves, and in the course of 
a month or six weeks emerge from the pupa stage as 
fully developed flies. The species most commonly met 
with in England is not H. bovis, but H. lineatum. 
. It can be easily understood from the fact that 
since no fewer than four hundred maggots, each 
growing to an inch in length, have been known to infest 
a Single beast, the loss occasioned by the attacks of 
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this fly is considerable, and it has been estimated, 
indeed, by Stratton, that in the United Kingdom 
alone a loss of something like 48,000,000 per annum 
is sustained. The mischief begins in the summer, 
when the cattle gallop about in terror in their vain 
efforts to escape the flies seeking to deposit their eggs 
upon them. This causes waste of milk, and damage 
to health. Then there is the damage to the meat 
by the destruction to the tissue just under the hide, 
resulting in what butchers call licked meat or jelly. 
And, lastly, there is the evidence of tanners as to the 
damage to hides ; one estimate given by a firm putting 
the loss on hides sold at two markets in Birmingham 
during seven weeks at £545; while a Nottingham 
authority reckons the loss in that town at £1,500 to 
£2,000 per annum. 

The sheep bot-fly (Zstrus ovis) lays its eggs in the 
nostrils of sheep, and the maggots, after being hatched, 
pass up the nasal passages and enter the chamber 
in the bones of the forehead, where they nourish 
themselves on the mucus to which the irritation of 
their presence gives rise. The presence of these 
parasites, which are seldom fewer than seven or eight 
at a time, is most injurious to the infested animal, 
and gives rise to a sickness of a very serious nature. 
At the end of about nine months the larve reach 
maturity, and, making their way again into the nostrils, 
are expelled by the sneezing of their host, and reaching 
the ground bury themselves, and remained concealed 
until they emerge as perfect insects from the pupal 
stage. 

The three species above mentioned serve as types 
of the life-histories of the entire family, which 
contains, in addition, a large number of genera and 
species infesting various kinds of animals. Even man 
himself is not exempt from their attacks, and all 
kinds of domestic cattle and beasts of burden, such 
as reindeer, camels, and elephants, are lable to be 
infested with them. 

Two notices of the occurrence of larve in human 
beings were published by John Howship in 1833. 
In both cases the larve, named Cstrus humanus, 
were extracted from tumours, the sufferer in one case 
being a soldier in Surinam. and in the other a carpenter 


in Columbia. In addition to the mammals mentioned, 
others, such as hares, rabbits, mice, and voles, often 
suffer from these parasites. Their larve have also 
been met with in birds and frogs. Schneider, for 
instance, states that two larve much resembling those 
of Hypoderma were obtained from under the skin of 
the head of a young sparrow, where they had produced 
two large hard tumours, and Krefft has given descrip- 
tions of specimens belonging to the genus Batrachomyia 
that were found living parasitically upon Australian 
frogs. The larve were situated between the skin and 
the flesh behind the drum of the ear, and could be 
squeezed out through apertures in the skin. 


FOREST-FLIES 

The family Hippodoscide brings us to the second 
section (Pupipara) of the Cyclorrohapha, all the 
members of which are no less remarkable among 
flies for the strangeness of their appearance than for 
their method of development. They are all short and 
flat, with longish and powerful iegs, which enable 
them to run with great speed, some of them being 
entirely wingless, with the mouth parts much reduced ; 
but in the mode of their development they are abso- 
lutely unique in the entire order. In the first place 
only a single young one at a time is produced, and 
this, instead of being laid in the egg stage, remains 
within the mother, nourished at her expense by means 
analogous to those which obtain in the higher mammals. 
When born, the young is either actually a pupa or 
immediately assumes the pupa state, being motionless, 
without segmentation, and entirely protected by a 
horny shell, which imparts to it the appearance of 
the seed of a vetch. 

The members of this section, which are mostly 
parasitic on birds or mammals, are referable to three 
families. Of these, the forest-flies are represented by 
several genera, all the members of which are parasitic 
upon mammals or birds, and are frequently spoken 
of as ticks. The species known from its abundance 
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in the New Forest as the forest-fly (Hippobosca equina) 
has the wings well developed. It infests horses and 
oxen, usually attaching itself to those parts of the 
body where the covering of hair is scanty. A second 
kind, known as Ornithomyia aviculavia, occurring, as 
its name indicates, on birds of almost all kinds, also 
possesses a pair of fully developed wings; but in 
another species, Stenopteryx hirundinis, which is found 
on swallows and about their nests, the wings are narrow 
and sickle-like, and scarcely fitted for flight, 
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A fourth species, the so-called deer-tick (Lipoptena 
ceyvt), is provided with wings upon issuing from the 
pupa case; but, after flying about for a time, the 
insects settle upon deer, and drop their wings by 
fracturing them at the base. The last member of 
the family to be mentioned, the so-called sheep-tick— 
which must not be confounded with the mite of that 
name—is entirely wingless from its birth. We thus 
get in this family a series of forms starting with the 
fully-winged forest-fly and leading through the swallow- 
tick with its wings reduced in size, 
and the deer-tick which can cast its 
wings, to the sheep-tick which has 
entirely lost these organs. 

The second family of the group, 
Nycteribiide, contains the single genus 
Nycteribia, the species of which live 
parasitically upon bats. All are wing- 
less and have lost their compound eyes, 
but possess the balancers. The legs 
are long, powerful, and furnished with 
strong hooked claws, by means of 
which they cling to the hosts they 
infest. The bee-louse (Braula ceca; G 
on page 1912), the type of the family 
Braulide, is a minute, blind, and wing- 
less insect infesting honey-bees, being 
found upon the workers as well as 
upon the drones and queen, but seeming 
to have a preference for the two latter as hosts. 


FLEAS 


The fleas, which by some are regarded as an order 
(Aphaniptera), may be considered to be aberrant 
flies, their mouth organs, which are adapted for piercing 
and sucking, being modified upon the same principles 
as obtain in the flies. They further resemble that 
group in undergoing a complete metamorphosis, but 
differ from the majority of flies in being destitute of 
wings. The group is divisible into two families. 

In the true fleas, or Puli- 
cid@, the body of the adult 
is strongly flattened from 
side to side, and this, in con- 
junction with the smooth, 
hard, and nearly naked in- 
tegument, enables the insect 
to swiftly traverse the hairy 
coating of its host. Some of 
the segments, however, are 
usually armed with strong 
backward1ly- projecting 
spines. There are no com- 
pound eyes, but each side 
of the head is furnished 
with a simple eye, the legs 
being long, strong, and fitted 
for leaping. The eggs are 
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countries. The adult female burrows beneath the 
skin of the foot, and shortly after effecting an entrance 
her body becomes swollen up with eggs, and grows to 
the size of a pea. At this stage she may be easily 
extracted, and as the young are not parasitic it is 
seldom that serious results ensue. According to Mr. 
W. H. Blandford, ‘‘ the recorded distribution of the 
chigoe extends over Tropical America and the Antilles, 
from 30° N. to 30° S., and in late years it has been 
exported in ballast to Africa, and has established itself 
in Angola, Loango, and the Congo.” 
It also occurs in British Central Africa, 
where quite recently it occasioned much 
suffering among the natives, and by 
laming the native postmen caused 
delay in the transmission of mails. 
As in the case of the Pulicide, the 
fleas of this family do not confine their 
attentions to mankind. There is, for 
example, a genus known as Vermipsylla, 
which=gecurs in Turkestan, and is said 
to be very injurious to cattle. Speak- 
\ ing of the occurrence of the jigger in 
\ Florida, a correspondent writes that 
\ i \ “the wooden houses are built on piles, 
\\ ‘ and under them the sand is infested 
\ with jigger-fleas. All dogs are attacked 
by them, and fowls and puppies fre- 
quently killed; in fact, sitting hens 
must regularly have their combs covered with lard 
and brimstone, and insect powder dusted over their 
wings, to keep them alive. 
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The beautiful insects comprehended in the order to 
which the name Lepidoptera, or scale-wings, has been 
given are familiar to the majority of readers without 
any lengthy introductory description. The butterflies, 
or Rhopalocera, and the moths, or Heterocera, though 
they form two distinct 
sections of the order, can- 
not be divided by any 
hard-and-fast lines. They 
may generally be distin- 
guished from one another 
by the manner of the fold- 
ing of the wings at rest, 
or more precisely by the 
different character of the 
antenne. The wings of 
the moths, too, are locked 
together by a tiny hook on 
the inner margin of one 
wing fitting into an eye on 
the inner margin of the 
other. The buttérdtes 
never possess this curious 
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worm-like creatures, devoid of legs, but furnished with 
a biting mouth, live on particles of decaying organic 
matter found in the dust of the places they infest. 
When adult the larva, or maggot, is said to spin a 
cocoon within which the pupa state is passed. 

In addition to mankind, fleas (Pulex) live parasitically 
upon other animals, such as dogs, cats, badgers, 
pigeons, fowls, moles, hedgehogs, squirrels, etc. They 
are, moreover, even more abundant in tropical than 
in temperate countries. 

To the family Sarcopsyllide belongs the dreaded 
chigoe, or jigger (Sarcopsyllus penetrans), of tropical 


other orders of insects by the four ample wings, with 
more or less regular veins or nervures, clothed with the 
minutest, exquisitely chiselled scales, of many shapes, 
and great variety of external chasing. These scales 
are but modified forms of hairs, broadened out, flattened 
and fashioned to cover the delicate membrane of the 
wing with an overlapping armament of beauty. And 
it is to this wondrous sculptured dust, breaking up the 
rays of sunlight as it plays upon the surface of their 
wings, that butterflies and moths owe their tender 
shades, brilliant colours, and metallic lustres. A few 
butterflies are clear-winged, with scarcely any scales, 
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such as the Ithomia of Brazil, while the Sesiid@ represent 
the clear-wings amongst the moths. Some orders of 
insects, such as the Hymenoptera, have four mem- 
branous wings like the Lepidoptera, but these are 
transparent and not clothed with scales. Others, such 
as the beetles, have the upper pair horny and useless 
for purposes of flight, the second pair being membranous 
but not scaly. 

The mandibles, or jaws, found in most other four- 
winged insects except the Hemiptera, or bugs, are 
replaced in the Lepidoptera by along tubular proboscis, 
or suctorial apparatus, used for exhausting the contents 
ot honey-bearing flowers, or drawing in nutriment from 
less tasteful sources. In common with all other 
insects, the Lepidoptera have the body divided into 
three separate sections—the head, bearing the eyes, 
proboscis, and antennae ; the thorax, whence originate 
the legs below and the wings above ; and, lastly, the 
abdomen, bearing along 
the sides the spiracles 
for breathing, and the 
generative organs at the 
apex. The abdomen is 
never attached by a 
narrow stalk, or pedicle, 
as in the Hymenoptera. 
So close may their 
general resemblance be 
to other insects that, 
as is the case with the 
hornet clear-wing moth, 
none but a naturalist 
could distinguish it from 
the common hornet. A 
general resemblance of 
body-plan may coexist 
in individuals of two 
widely separate orders, 
together with a habit of 
hfe and temperament, 
and likewise essential 
characters, wholly dis- 
tinct and different. 

The Lepidoptera also 
resemble the insects of 
most other orders in 
passing through several 
sharply-defined phases 
before the last and 
perfect stage is attained. 
All first appear in the 
form of an egg laid by : 
the mother on some 
food-plant or tree. On 
hatching, the eggs give rise to a free-walking, teeding, 
sleeping, and breathing larva or caterpillar ; , thence, 
after successive changes of the skin, this passes into the 
quiescent, trance-like state, called the pupa or chrysalis 
stage ; from this it at last emerges, at a suitable season 
of the year, as the fully-formed butterfly or moth. 

At the beginning of life the butterfly or moth is a thing 
of beauty evenin the egg state. Butterflies’ eggs, though 
falling into distinct groups of resemblance, on which 
even systems of classification have been based, are as 
various as they are beautiful. Globular, oval, flat, 
parrel-shaped, bottle-shaped, green, white, or brown, 
the egg is usually of a hue which renders it not easily 
visible on the leaf where it has been deposited. Aftera 
time the shell bursts, the tiny larva creeps forth, and 
begins feeding either on the egg-shell or on the food 
lying in abundance near at hand. ; 

The larve are long, cylindrical, creeping, worm-like 
objects, with short legs, and a more or less hairy or 
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quite naked body. The greater number feed upon the 
leaves of trees, shrubs, plants, and grasses ; while many 
are internal feeders, burrowing deep into the decaying 
hearts of various trees. Others mine in the pith of 
thistles ; while many more burrow at the roots of grass 
or devour turnip-roots, to the detriment of the crops. 
The larve of the mining moths (Tinee) make sinuous 
channels between the upper and lower skin of various 
leaves. These in the perfect form are amongst the 
smallest and most lovely of all the Lepidoptera. Others, 
again, feed on clothing and other woollen stuffs, 
enawing ragged holes, and when the imago, or perfect 
insect, appears the mischief has been done. So voracious 
are larve that huge oak forests may be in a few days 
swept bare of almost every vestige of foliage. 

The body of the larva consists of a head with mandi- 
bles for nipping off the edges of leaves or gnawing 
amongst decaying timber; a pair of small, short 
antenne form append- 
ages) on) seithenmsider 
and just behind three 
simple eyes, or ocelli, 
on either side, very 
different from the large 
compound eyes of the 
perfect insect. Behind 
the head lie eleven seg- 
ments, or movable rings. 
Three of these, close 
behind the head, corre- 
spond to the thorax of 
the adult, and bear the 
three pairs of thoracic 
legs, short and horny, 
exactly corresponding 
to the three pairs of legs 
of the butterfly or moth, 


The other segments 
carry the pro-legs, or 
claspers—varying in 


number from one to 
five pairs—used for 
clinging to leaves and 
other surfaces. In some 
of the moths the last 
pair are obsolete as legs, 
and are developed into 
a pair of horns, supposed 
to be for protective 
purposes. as, for in- 
/— Stance, in the puss- 
oo} : fo moth. A caterpillar 
may thus possess six- 
teen legs, though often 
there sis) noe eethe inl number: 

A very curious form of larva is that producing the 
insects known as the geometers, so called because of 
the peculiar gait of the caterpillar, which measures 
out the surface over which it passes with a regular 
series of equal strides or loops. Their body is long, 
and, since there are only four pro-legs, they cannot 
crawl, but by bringing up the hinder legs, advancing 
the head, and again bringing forward the tail, the cater- 
pillar spans the space to be traversed by a series of 
looping strides. Hence the Americans call them “ span- 
worms.’ These larve, too, are remarkable for their 
resemblance—when the head is stretched outwards— 
to a broken twig, a likeness which undoubtedly secures 
them from many dangerous foes. 

Many larvee are protected by their similarity in 
colour to the surrounding foliage, and it has been 
supposed that the pigment from the leaves which the 
caterpillar eats lends its characteristic hue to its 
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devourer. From the moment of hatching until the 
final moult, when the caterpillar enters the pupa state, 
it undergoes a series of from eight to ten changes of 
the skin. These changes form crises in the lives of 
larve, which, at any rate in captivity, sometimes die 
during the process. 

The stage immediately preceding that of the perfect 
form is usually called, when reference is made to the 
butterflies, the chrysalis state ; but in the case of the 
moths, the pupa state, though there is no essential 
difference between the two. In this strange, quiescent 
state the wings, legs, antenne, and proboscis of the 
future insect can be seen fully formed and folded tightly 
within the outer covering. The only signs of vitality 
are given by wriggling movements of the segmented 
abdomen, when the pupa is irritated. The hard 
external covering is useful for resisting the attacks of 
predaceous insects, though, of course, not securing them 
immunity from mice, birds, or moles, which devour 
them with avidity. 

The chrysalis of a butterfly is usually angular and 
gilded. Some are suspended simply by the tail, others 
have a silken girdle round the middle to keep them 
fast, while some spin a very slight cocoon. The pupe 
of the moths, on the other hand, are 
dull red, usually smooth mummy-like 
objects, to which likeness the word pupa 
or “‘pupet’’ doubtless refers. The 
greater part of these lie simply in the 
earth, beneath moss or bark, wherever 
the larva has crawled to effect the 
change, without any additional covering. 
Others form a hard cocoon, of the grains 
of mould, to which consistency is given 
by means of a gummy _ secretion 
furnished by the larva. Many form with 
this secretion a hard case, the outer 
side covered with chips of the surround- /, inner margin; 
ing bar, which, owing to their similarity 
to the surroundings, serve as a protection from obser- 
vation. Others spin a silken egg-shaped cocoon, 
sometimes flocculent and broken, Sometimes formed of 
yards and yards of silken thread, emitted from the 
mouth and passed over and under, across and_ round, 
until the cell is complete. 

Among the more interesting of these cocoons is that 
of the emperor-moth, which forms a short tubular exit 
closed against the entrance of earwigs and other insects 
by a circular series of fine bristles directed outwards 
and converging toa point. The principle of contrivance 
is the same as that employed in the manufacture of 
lobster-pots ; but here the process is reversed, for in 
this case it admits of a ready egress, but prevents any 
entrance. Moths whose pupa stage is passed within 
an external cocoon have a double task before them 
when the time is ripe for an emergence. The pupa 
itself—as does also the chrysalis of butterflies—splits 
at the dorsal suture above the thorax, and the moth 
emerges, ferreting a way through one end of the cocoon, 
which seems to be softened by moisture from within, 
and thus escapes. The imago, or perfect insect, having 
now emerged, climbs to some point of vantage, where 
the wings, still very small, though completely formed, 
are allowed to hang downwards, expand, and harden in 
the air. After a few hours they are stiff and ready for 
use. 

At no stage in their lives are lepidopterous insects 
free from the attacks of enemies. In the egg state 
they fall a prey to beetles and small birds, and as 
larve they are extremely liable to receive a deadly 
thrust with the ovipositor (or sting) of an ichneumon. 
As the ichneumon grubs grow at the expense of their 
host, scarcely a tissue in the whole body may remain, 
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save those needful for the carrying out of life-supporting 
functions. And at last, when the grubs are themselves 
ready to pupate, and have no further need of their 
host, they finish up the rest and the larva dies—chiefly 
because there is nothing left to live. The enemies 
of the imago, whether butterflies or moths, are numerous. 
Birds, bats, dragon-flies, and the like, pursue and harass 
them whenever they happen to meet with them. 
The marvel 1s that any remain alive to lay eggs and 
perpetuate the species. ; 

In the struggle to escape detection and capture, 
all unconscious though it may be, arises the phenomenon 
alluded to above, and known as protective mimicry. 
The kindred phenomenon of protective colouring, 
when the moth or butterfly merely resembles in hue 
the bark, leaf, or twig on whichit rests ; also protective 
resemblance, simply when insects take the form of 
objects, such as twigs, dead leaves, bits of decayed 
wood, flakes of white bird-droppings—these are all 
well known. But protective mimicry means more— 
it implies the actual mimicking either the form, colour, 
or habits of some other insect which is either too 
savage or unpleasant to make it a desirable object of 
food; as, for instance, the clear-wing moths mimic 
gnats, bees, wasps, ichneumons, and so 
forth. 

Perhaps the most curious instance 
is that of the Kallima, or dead-leaf but- 
terflies, of Northern India, whose upper 
sides are richly coloured, while the 
under sides are dull brown mottled and 
veined with darker colours. So con- 
spicuous a butterfly would not fail to fall 
a ready prey to foes. If it but settle for 
an instant, however, the sharpest eye 
will not detect it. The secret lies 
in the colour and veining of the under 
side. The fly settles, clings to a twig, 
presses the tails of the under wings— 
now folded together against it—and nothing but 
an old withered leaf remains where but just now 
was a gaudy butterfly. 

A species of the genus Heliconius, an insect avoided 
by birds on account of its bitter flavour, is closely 
mimicked by another butterfly of the genus Mechanitis. 
Though very sweet-flavoured, it escapes unmolested 
amongst its less agreeable companions. The mimicry 
involved in the feigning of death by many species of 
moths is, of course, protective. It has even been 
asserted that a specimen of the magpie-moth continued 
to feign death three hours after its head had been 
severed from the thorax. 

it all the dangers noted above have been passed 
through with impunity, in due time, at various seasons 
of the year, the perfect insects—butterfly, or moth, 
as the case may be-—will emerge. These vary in size 
from 12 inches or more in the expanse of the upper 
wings to a quarter of an inch—the latter being among 
the smallest moths, or Microlepidoptera. 

We have remarked that the body is divided into 
three distinct divisions—head, thorax, and abdomen ; 
we must now shortly notice the various structures 
peculiar to each division. 

The first division of a lepidopterous body is itselt 
divided into four main divisions—the occiput, next 
to the thorax ; the epicranium, bearing the antenna ; 
and, in some moths, the ocelli, or simple eyes; the 
clypeus, lying in front of the epicranium, just on the 
mouth parts, which latter themselves fall into at least 
five or six distinct structures ; the proboscis, long, and 
capable of being rolled up beneath the labrum when at 
rest. The labrum, lying at the base of the proboscis, 
above; the maxillary palpi (absent or vestigial 
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in the butterflies); the labial palpi, and vestigial 
mandibles, aborted in many cases, complete the 
mouth structures. 

It is in the structure of the mouth parts, perhaps, 
that the butterflies and moths differ most from other 
insects, and more especially from the fact that the 
mandibles of the insects have in the Lepidoptera 
become modified into a long, spirally curled, retractile 
proboscis, composed of three distinct hollow tubes, 
soldered to each other along their inner margins. 
Indeed, it has much the appearance of a double- 
barrelled gun, with a third tube lying below beneath 
the suture of the upper and larger pair. But it is with 
this latter alone that nutrition is imbibed, and it is 
supposed that the other pair may furnish air in addition 
to that obtained through the spiracular orifices along 
the abdomen. 

The ocelli, or simple 
eyes, resembling 
those of the larve, 
the small eyes on the 
upper, part of =the 
head of bees and other 
Hymenoptera, as well 
as those of other 
arthropods, such’ as 
we find to the num- 
ber of from four to 
eight in the spiders, 
are not discoverable 
in the butterflies, but 
are present in the 
moths alone. The 
large compound eye, 
composed of numer- 
ous facets, is, how- £ 
ever, present in both 
sections of the order, 
lying on either side 
of the epicianium, just 
below the point of 
insertion of the an- 
tenne. Whetherthey 
see Nature with these 
“as through a veil,”’ 
or appreciate every 
detail as we do our- 
selves, is a matter of 
speculation, but not 
easy of solution. 

The pair of thread- 
like, many-jointed 
organs, which take 
their origin from the 
side of the epicran- 
lum, just above and 
within the compound eyes, are among the butter- 
flies, with the exception of the family Hes- 
periide, thread-like, and abruptly clubbed at the 
apex. In the latter family they are gradually thickened 
towards the end, which often terminates in a hook-like 
point. 

The moths, however, as their name Heterocera 
implies, furnish us with far greater variety in the form 
of the antenne, quite apart from the fact that they 
differ in both sexes of the same species. Thread-like, 
for instance, in the female, pectinate in the male sex, 
we find at least ten different forms of antenne among 
members of this section: Fuliform, or thread-lke, 
gradually: tapering to a point; fusiform, broadened 
from the base onwards to the tip, which is again-nar- 
rowed ; dilate, narrow from the base to about: one- 
third its length, then rather suddenly enlarged, and 
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again narrowed at the tip; ciliate, clothed with the 
finest hairs; setigevous, each joint furnished with a 
bristle on either side; setigerous and ciliate, furnished 
with both fine hairs and paired bristles; fasciculate, 
each joint furnished with a group or tuft of short 
bristles, like a small brush ; dentate, or toothed, each 
joint produced into a sharp tooth-like process at the 
side; lamellate, where each joint is produced at the 
margin into a small plate-like prominence; _ serrate, 
saw-like, each joint produced into a short, sharp point 
at the side, giving the whole antenne the appearance 
of a saw, with the teeth not so long as in the dentate 
antenne ; pectinate, each joint furnished with long 
plume-lke hairs, or a pair of such on either side. 

The second division of the body, like that of the 
Hymenoptera, is composed of three closely united 
rings, each bearing 
beneath a pair of legs, 
while the posterior 
pair carry also on 

their upper or outer 
sides each a pair of 
well-developed wings. 
The prothovax bears 
the, tore. legs asthe 
mesothovax the mid- 
legs and fore wings; 
>) and the metathorax the 
hind legs and hind 
wings. The legs are 
not used normally for 
walking, but are 
chiefly serviceable for 
~~ clinging. to objects 
while settling or at 
fest.) Lheys domanor 
call for any special 
mention, and are not 
of great account for 
purposes of  classi- 
fication, except in 
the butterflies, where 
I Ethie CasemOtmnune 
males of the three 
families Nymphalide, 
Erycinide, and Lyce- 
nid@, the fore pair 
are much reduced in 
size, being in some 
cases almost rudi- 
mentary. 

Bye ian themanost 
important structure 
in the eyes of the 
general naturalist, 
though not necessarily 

so in the opinion of the expert, are the beautiful mem- 
branous, scale-clad pinions. These give the distinctive 
character to lepidopterous insects, and render them so 
fascinating to the lover of Nature. Broad and ample on 
the whole among the butterflies, more narrowed as a 
rule amongst the moths—the hawk-moths, for instance 
—they are formed of the finest transparent membrane 
stretched out between the stiff rib-like nervures, or, more 
properly speaking, veins, which carry the nutritive fluids 
from the central system to all parts of the structure. 

The nerves, as custom will persist in terming them, 
in the butterflies take a bow-like or ellipsoidal sweep 
from the base of the wing, forming what is called the 
discotdal cell, whence there branch off to the edges a 
series of horizontal, almost parallel, slightly divergent 
nervures. On the position of these the identification 
of species is most securely based. 
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In the moths, on the other hand, the d/scozdal cell is 
less conspicuous, though nervures branch off diver- 
gently from the base of the wing in a somewhat similar 
manner to those of the butterflies. One of the most 
remarkable features in the wings of the Heterocera, 
as distinguished from those of the Rhopalocera, is 
the existence of the frenulum and retinaculum, briefly 
referred to above as the hook-and-eye arrangement. 

As already said, the scales are modified hairs, which 
take a more and more perfect scale-like form towards 
the centre of the wing. They lie in regularly arranged 
rows, Overlapping each other, attached by a short 
stalk to a small fovea, or pit, in the membrane, to the 
number of many hundreds of thousands on each insect. 
Of different shapes and sizes, they are themselves, 
owing to their exquisitely sculptured surface, ob- 
jects of extreme beauty. And it is to these alone 
that butterflies and moths owe their manifold 
tints, from the sombrest browns to the most re- 
splendent metallic greens, golds, and purples. 


The third division of the body »~—~—~ rE 


is composed of a series of nine 
rings, or segments, sometimes, as 
in the case of many of the moths, 
tufted along the dorsal line, and 
also at the extremity. The spir- 
acles, through which the air passes 
to the tracheal system, lie along 
the sides of the abdomen, while the 
organs of reproduction are placed 
at the extremity in both sexes. 
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As distinguished from the moths, 
the butterflies (suborder Jhopa- 
locera) may be recognised as a 
general rule by their antenne, 
which, as suggested by their name, 
are slender and abruptly clubbed 
at the extremity. In some cases, 
however, in the family of the skip- 
pers these organs are gradually 
enlarged towards the tip, which is 
itself often slightly hooked. Butter- 
flies have not, in any case, the 
hook-and-eye arrangement by 
which the upper and under wings 
are interlocked in the moths. The 
fore legs are not always well 
developed, and this is particularly 
noticeable in members of the male GRO 
sex, forming a trustworthy char- 
acter in the 
of the Rhopalocera into families. 

Butterflies are mostly diurnal, although a few take 
wing only towards evening. Their eggs and larvae 
differ in many respects from those of the moths, 
while the chrysalis is seldom enclosed in even the 
finest network of silk, and in no case is wrapped in a 
distinct cocoon, nor even buried beneath the earth, 
very rarely even close to the surface. Usually the 
chrysalis is angular and blotched and speckled, with 
gold and silver ornamentation ; sometimes it is sus- 
pended to a branch or twig by the tail, and sometimes, 
while fastened by the tail, is also engirdled with a line of 
silk around the middle, thus lying in a position horizontal 
to the plane to which the larva has attached itself. 

The following broad subdivisions of butterflies may 
be made: Firstly, those which have four perfect legs 
only in both sexes, the fore pair being rudimentary 
or undeveloped; while the chrysalis is suspended 
by the tail without any girdle. These include the 
family Nymphalide. Secondly, those having four 
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broad subdivision “terpillar; 4, its chrysalis ;_ 
cater pillar 


perfect legs in the male and six in the female, 
while the feet of the former have no claws at their 
extremity; the chrysalis being raised, resting on 
a leaf or suspended. The Evycinid@ represent 
this group. Thirdly, we have the family of the blues 
(Lycenideg), in which there are six perfect legs in 
the female,.and the chrysalis is suspended. The 
fourth group is that of the swallow-tails (Pap- 
ilionid@), in which both sexes possess six perfect 
legs, while the chrysalis is attached by the tail 
and girdled by a silken thread. Lastly, the Hesperiide@ 
agree with the preceding as -egards the legs, 
but the chrysalis is either attached by threads or 
enclosed in a Joose cocoon. As a rule, mountainous 
regions are those which abound most in butterflies, 
although there is a marked exception in the case 
of the valleys of Tropical America. 
FRITILLARY GROUP 
The family Nymphalide includes an extensive as- 
semblage of butterflies, among which are the fritil- 
les, peacocks, painted ladies, 
tortoiseshells, and admirals. Here 
also come the __leaf-butterflies, 
purple emperors, white admirals, 
Camberwell beauty, and _ the 
large high-flying blue Morphos. 
We have also the subfamily 
Satyring, which includes’ the 
ringlets, marbled whites, meadow- 
browns, and graylings, besides 
many others too numerous to 
mention. First we may notice, 
as an example of the subfamily 
Danaine, the butterfly shown 
on the lower right-hand corner of 
the coloured picture on page 1969, 
which is known as Euplea harrisit. 
In common with several other 
species, it belongs to a genus of 
large blue and brown winged 
tropical butterflies, in which the 
| upper surface of the wings is 
usually spotted with white. At the 
top left-hand corner of the same pic- 
ture is figured the male of the orange 
scallop-wing (Cethosia biblis), which 
may be taken as a representative 
of the subfamily Nymphaline. It 
is an inhabitant of North-Eastern 
India. Its black and spiny larve 
have the body banded with red and 
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5, meadow-brown ; 6, its with a pair of horn-like processes. 

The better-known _ fritillaries 
(Argynnis), are mostly confined to north temperate re- 
gions. Inthis genus, the British silver-washed fritillary(A. 
paphia) isamong the finest representatives of alargenum- 
ber of orange-red or fulvous insects whose hind wings on 
the under side are spotted, spangled, or slashed with silver 
upona dusted green ground. Not uncommon throughout 
Ikngland, it occurs in abundance in the glades of the 
New Forest, where the larva feeds on the dog-violet or 
wild raspberry. The dark green fritillary (A. aglaia), 
a near relative, frequents the southern grassy downs 
along the margins of the cliffs, or sports in the fern- 
embroidered dells of the Lake District valleys. The 
high brown fritillary (4. adippe) isa rather smaller form, 
whose hind wings, like those of the last-named species, 
are spotted with silver discs, while those of the silver- 
washed are slashed obliquely towards the lower angle. 
The Queen of Spain (A. lathonia) isa much rarer insect, 
while the two elegant little pearl-bordered fritillaries 
(A. euphrosyne and A. selene) are also British, 
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The greasy fritillary (Melitea aurinia) brings us to 
another genus, the members of which closely resemble 
those of the former but are as a rule smaller. So many 
figures of all the British species have been published that 
detailed description is superfluous. The greasy fritillary 
inhabits low-lying marshy meadows in various localities 
in England, where the larve feed on the plantain. 

The heath fritillary (M. athalia) is a very similar 
though very local species; while the f 
glanville (MM. cinwxia) is rare in Britain, 
where it is confined to the Isle of 
Wight. Many handsome species of this 
genus are found in all the more northern 
regions of the world, but undoubtedly 
the most numerous occur in the South- 
Western United States. The magnificent 
fritillary A. childveni, which measures 
nearly 5 inches from wing-tip to wing- 
tip, is indigenous to the Himalaya. 

Closely allied to the fritillaries is the 
map-butterfly (dyvaschnia levana) of 
Central Europe. It presents two very 
distinct forms, one of which (A. Jevana) 
appears in the spring, the other (A. 
prorsa) later on in the summer, while an 
intermediate form (A. povima) is also 
recognised. 

The form known as the spring brood 
is fulvous red with scattered black spots, presenting also 
three white spots near the tip of the wing. The 
summer brood has black wings with a red marginal 
line, having besides a broad broken white bar across 
the wings and some white spots near the margin. 
The larve feed on the nettle in June and September. 
The insect, though common on the Continent, has not 
been recorded from England. 

The curious!y-shaped butterfly | See 
known as the comma (Polygonia eas 
c-album) was formerly much more ‘ 
common in England than it is at 
present. The wings are rufous with 
black spots, and very strongly 
emarginate along the edges, and 
angular. The white c-shaped 
spots on either hind wing beneath 
render it not easily mistaken for 
any other British species. 

The handsome butterflies desig- 
nated tortoiseshells (Vanessa) are 
among the most widely distri- 
buted of the family, though con- 
fined to the Northern Hemisphere. 
Most inhabit the more temperate 
regions of Europe, Asia, and 
America, although a few occur In 
India, Ceylon, the Malay Penin- 
sula, and Mexico. The caterpillars 
feed on plants and trees, and are 
usually dark and spinous. The 
chrysalis, angular and_ distin- 
guished by its brilliant lustre, 1s 
suspended by the tail, and forms 
a beautiful object. The large 
tortoiseshell (V. polychloros), so 
common in woods in England, is usually found settling 
upon the trunks of trees in summer and autumn. 
The wings are rich fulvous red, blotched and margined 
with black, and having a narrow broken vein of blue 
just before the outer fringe. The larve feed on the 
leaves of various trees, and the chrysalis is pale pink 
relieved with golden blotches. The small tortoiseshell 
(V. urtice), whose jet-black spiny larva feeds on the 
nettle, is among the commonest British butterflies. 


1937 


WALL-BROWN 


RESPLENDENT PTOLEMY 


The peacock butterfly (V. 70) is well known on account 
of the large eye-like blotches on the upper and under 
wings. The larve also feed upon the nettle ; and the 
insect is found throughout Europe and Northern Asia 
as far as Japan, but not in Northern Africa. One of the 
handsomest, and at the same time one of the rarest, 
of British butterflies is the Camberwell beauty (V. 
antiopa). Its large angular wings are rich brown 
above, with a broad yellow border, 
enclosing on its inner margin a row of 
blue spots. 

In the tropics the place of the pre- 
ceding genus is taken by Junonia, the 
members of which are not perhaps so 
richly coloured as the tortoiseshells. 


7 


They occur all over Eastern and 
Southern Asia, and are also found in 
North and South America, the 
Oriental countries, and Africa. The 


caterpillars are spinous, as are those 
of the two tortoiseshells. A figure of 
the beautiful although dark-coloured 
Swinhoe’s tortoiseshell (J. swzhoe?) 
is given at the lower left-hand corner 
of the coloured plate on page 1969 (9). 

As an example of the genus Pyvra- 
mets, we may take the red admiral 
(P. atalanta), which is a well-known 
and richly-coloured British butterfly, appearing in the 
autumn in woods, and also in orchards, where it feeds 
upon the juices of decaying apples. The large black 
wings, with a scarlet band across the upper and a 
margin of the same colour around the lower, together 
with the group of pure white blotches towards the tip 
of the former, render it a very conspicuous insect. 

. When, however, the wings are 
closed, the mottled black and 
brown render it almost invisible. 
The larve are black and spinous, 
and feed upou the common nettle ; 
and the species is found all over 
Europe and North Africa, North 
and West Asia, and North and 
Central America. In many other 
regions its place is taken by some 
very closely allied forms. 

In the painted lady (P. cardi), 
of which the caterpillars feed upon 
the thistle, the wings are orange- 
red, black-spotted, and _black- 
tipped, the latter area bearing a 
group of white spots. It is abun- 
dant in almost every country of 
the world, except the Arctic regions 
and South America. 

Nearly allied are the porcelains 
(Cyvestis), which measure from 2 
to 3 inches across the wings, and 
are found in India, the Malay 
Archipelago, and a few in West 


Africa and Madagascar. The 
i sooty-veined porcelain (C. thyo- 


damas), represented in the coloured 
illustration on page 1969 (6), is 
an inhabitant of Madagascar. 

Of the genus Limenitis, the large white admiral 
(L. popult) occurs in Central Europe, South Scandi- 
navia, and Finland, but has not been met with in the 
British Isles or in Holland. It is nearly twice the 
size of the English white admiral (L. camilia), its wings 
being brown with a row of lunate orange marks near 
the hinder margin of the lower pair. The arrangement 
of the white bars on the upper wings is the same as 
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that of the British form, but these are almost obliterated 
in the male sex. The under side is of a beautiful 
orange-yellow colour, broken with white, and elsewhere 
suffused with various shades of purplish and bluish 
grey. 

Closely allied to the admirals are the mango-butter- 
flies (Euthalia), which are almost entirely confined to 
India, the Malay Peninsula, and the adjacent islands. 
They measure from 2 to 4 inches across the wings, 
and the larve feed on the leaves of the mango. A 
coloured illustration of the black mango-butterfly 
(E. lubentina) will be found on page 1969 (3). 

The emperors (A patura) are widely distributed over 
the world, except in Africa. Two species alone are 
found in Europe, and these are much more brilliant 
insects than the majority of the temperate species 
The caterpillars are not hairy, but smooth, and bear 
a pair of horns on the head, as also does the chrysalis. 
In Britain the purple emperor (A. irs) is confined to 
the southern counties of England. Its strong purple- 
shot, white-banded wings, 3 inches in expanse, carry 
it with a grand sweeping flight far above the highest 
oak-trees, whence it descends—alas for imperial 
predilection !—to a savoury banquet of putrid flesh, 
set out in some suitable locality. The caterpillar 
feeds upon the sallow, and the perfect insect appears 
in July. 

Passing over many genera, containing some of the 
loveliest foreign forms, we reach the subfamily 


Morphine, in which the caterpillars are remarkable 
for their bifurcate tail and notched or bifid head. 


The species of the typical genus are giant butterflies of 
almost every hue, the most conspicuous being of a 
dazzling metallic sky-blue. Their long, satiny wings 
bear them aloft far out of the reach of the collector’s 
net. In the illustration on page 1938 is figured, from 
the under side, the resplendent ptolemy (Morpho neopto- 
lemus). The upper side is rich black brown, with broad 
transverse blue bands, shot with delicate lilac across 
both wings. A pair of white spots is conspicuous 
on the top of the fore wing. 

We have now to notice briefly a number of much less 
brightly-coloured butterflies, many of which will be 
familiar to most readers, forming the subfamily 
Satyring. They include the ringlets (Evebia), speckled- 
woods (Pararge), marbled whites (Melanargia), meadow- 
browns and heaths (Epinephele and Cenonympha), 
wall-browns (Satyrus), graylings and common wood- 
ringlet (Hipparchia), and many others. The cater- 
pillars are mostly smooth, fusiform, and green, having 
two horns on the head and a bifurcate tail. They feed 
on grasses. These butterfies fly somewhat feebly over 
meadows, downs, highlands, and heath districts. 

As an example of the typical genus Satyrus may be 
taken the common British wall-brown (S. mege@ra). 
Here the wings are rufous brown, spotted, speckled, 
and streaked with black, having also a single eye-like 
spot on the upper wing at the tip, and three on each 
lower wing, near the margin. As a rarity, collectors 
prize a specimen in which the fore-wing spots are 
bipupilled—having twin pale centres. 

Of the graylings (Hipparchia), the British H. semele 

is abundant in the heath and 
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studded skipper ; 7, Duke of Burgundy 


GROUP OF BRITISH BUTTERFLIES 


1, large white admiral ; 2, female, and 3, male of golden-rod copper; 4, small copper’ 5, azure or Clifden blue; 6, silver- 


mountainous districts of 
England. Owing to _ its 
beautifully grey-mottled 
under side, it is absolutely 
invisible when settled upon 
rocks or among the grey 
stones of the moorlands. 
The nearly allied meadow- 
browns and heaths (Epine- 
phele), which do not present 
a very great number of 
species, are most abundant 
in the Mediterranean region 
and Western Asia. They 
fall into two groups, of the 
first of which EF. janiva isa 
good example; while E. 
tithonus, the large heath or 
gatekeeper, illustrates the 
other. The former, which 
is the commonest of British 
butterflies, abounds in fields 
and meadows in the sum- 
mer, ceasing to fly the 
moment the sunbeams are 
obscured by a passing cloud. 
Specimens with pale patches 
on the wings are valued by 
lovers of varieties. The 
upper figures on page 1936 


represent the adult and 
caterpillar, 
ERYCINIDZE 
The small family Ery- 
cinide, of which the 
characters are given on 


page 1936, includes species 
chiefly found in the tropics. 
Evycina aulestes of Brazil 
is peculiar in having the 
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mid-wings produced into a | ~~ 
tail-like projection. As an | 
example of the family we | 
may take the Duke of | 
Burgundy butterfly (Neme- | 
obius lucina), an illustra- | 
tion of which is given in | 
the ‘coloured picture on | 
page 1969 (8). Its brown, 
yellow-spangled wings once 
earned for itaplaceamongst w. 
the fritillaries. It is, how- | 
ever, the sole British repre- 
sentative of a family whose 
members are so abundant 
in Brazil. 


BEUES AND C@PPERS 
- The large family Lyce- 
nid@, represented by many 
small brightly - coloured 
insects, includes the blues, 
coppers, hairstreaks, and 
many others. Of the hair- 
streaks (Thecla) the purple 
hairstreak (I. quercus) is 
a familiar example. This 
butterfly has the wings 
brown-black, shot with 
purple, and abounds all 
through Europe wherever - 
oak forests exist. It flits 
round the foliage, laying 
its eggs, and resting on the 
leaves, and is a common 4 
British butterfly. The green § 
hairstreak (TZ. rvubi) is a { 
smaller species than the 
rest, with a bright green 
under side, and is not 
uncommon in some districts 
flying around bramble 


bushes in summer. 1, scarce swallow-tail, with larva and chrysalis ; 


In the allied genus 
Polyommatus, we mention the large copper (P. dispar) 
as one would speak of a departed friend, for, although 
formerly abundant in the fens of Cambridgeshire and 
other counties, it has not been seen alive for over half 
a century in Britain. The small copper (P. phileas) is, 
however, very abundant both in England and on the 
Continent. It is shown in 4 of the illustration on 
page 1938. Of the golden-rod copper (P. virgaure@) 
figures are given in 2 and 3 of the same illustration. 
This species is abundant on the Continent, though 
unknown in Britain. It flies in July and August, and 
the larva feeds on the golden-rod. 

The elegant littl butterflies known as blues (Lyc@na) 
have the upper side of the wings in the male sex of 
various shades of blue; those of the female, on the other 
hand, being usually brown, shot with a bluish or purple 
tinge. The larve are wood-louse shaped, and feed 
mainly on grasses of various kinds. The common blue 
(L. alexis) is one cf ine most abundant of British butter- 
flies, whose white-fringed, pale blue upper side and 
speckled under side in the male are familiar to 
everyone. : 

Of the many blues found in England, such as the 
silver-stud, the chalk-hill, the holly blue, and the little 
or Bedford blue, the Clifden blue (L. adonzs)—the 
azure blue of many authors—is the most beautiful. It 
occurs not infrequently, though locally, upon the 
Chalk downs of the southern coasts, and in some 
other localities. A figure of the male is given in the 


COPPERS 


GROUP OF TROPICAL BUTTERFLIES 


2, map-butterfly, spring brood ; 4, summer brood ; 


5, chrysalis of same 


3, larve; 


illustration on page 1938. The wings are of a much 
brighter blue than those of L. aleais. 


SWALLOW-TAILED GROUP 

The immense family Papilionide includes the giant 
Ornithopteva, or bird-winged butterflies of the tropics, 
the swallow-tails, Apollo butterflies, whites, brimstones, 
and many others. As mentioned above, this family 
and the next are characterised by the possession of six 
perfect legs in both sexes. The chrysalids of the present 
family are suspended by the tail and girdled with a 
thread of silk. The largest of the butterflies (Ovnith- - 
optera) belonging to this family measure nearly a foot 
across the expanded wings. A species (O. pavadisea) is 
figured on page 1940. The typical members of the 
family are the swallow-tails (Papilionine), which are 
large butterflies characterised generally by the presence 
of a long tail-like process to the hind wings. Occasion- 
ally, however, as in the female of Papilio merope, 
these appendages are wanting. 

‘The two uppermost figures of the illustration on this 
page exhibit the scarce swallow-tail (P. podalivius), 
which is a large, strong insect with triangular front 
wings, and a long tail at the lower angle of the hinder 
pair. In colour the wings are pale yellow, with oblique 
transverse black bars. This splendid butterfly, although 
common in Southern Europe, North Africa, West Asia, 
and Persia, is only very rarely taken in England. The 
larvee feed on leaves of the sloe, apple, plum, and other 
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orchard trees. The common swallow-tail (P. machaon) 
was formerly very abundant in the fen districts of 
England, but since these have been drained it has 
become scarcer. The wings are sulphur yellow, black 
at their base, with black veins, and the hind pair of the 
same colour, with a band of blue towards the margin, 
and a red spot on the inner angle, close to where ‘the 
tail springs. This larva feeds on the common carrot. 
This species has a very wide range, occurring in the 
Kashmir Himalaya. Of the royal swallow-tail (77no- 
palpus imperialis), from Sikkim, a figure is given in 5 on 
page 1969. The females are less brilhantly coloured than 
the males, and have a pair of tails to each hind wing. 
The whites, clouded yellows, orange tips, brimstones, 
and the like, represent the second subtamily (Pzevine) 
of this assemblage, in which there are no tails to the 
hind wings. One of the rarest British butterflies is the 


black-veined white (Aporta crategi), shown in all 
stages of development in the illustration on this 
page. Its caterpillar feeds on the leaves of the 


blackthorn and other bushes. Of a foreign representa- 
tive of the group, the black-tailed sulphur (Dercas 
verhuellz), an illustration is given in’7 in the coloured 
picture on page 1969. It is nearly allied to the common 
brimstone butterfly (Rhodoceva rhamni), so abundant 
in spring in English lanes and hedgerows. 


SKIPPERS 


The skippers (family Hesperiide) 
the others in the broad, thick head ; 


differ from all 
the hind tibia 


(with some few exceptions) being armed with two pairs 
are hundreds of species belonging to this 
the majority being indigenous to 
distinguished by 
and long-t 


of spurs. There 
interesting family, 
South America. 
powerful build, | 


their 
tailed hind 


Many are 
yrilliant colours, 


MALE AND FEMALE OF 


ORNITHOPTERA PARADISEA 
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wings. The European 
species are all small 
and more or _ less 


sombre - coloured, 
averaging about an 
inch across the wings. 
In the puss-tailed 
skipper (Goniurus 
catillus) of Brazil the 
front wings are brown 
on the upper side, 
with five or six pale 
yellow spots; the hind 
wing also being brown, 
and ending in long, 
broad flat tails, quite 
as long as the hind 
wing itself. The 
antenn: e are strongly 
hooked at their 7, 
apex. 
Tefegonus 


alardus, 


from Venezuela, has 
large wings, 2 inches 


BLACK-VEINED 


WHITE WITH 
across, brown, shot at , 


their base with blue LARV4 AND CHRYSALIS 
and green, but only 


very slight tail-like prominences on the hinder wings. 

To Pamphila and the following genera belong all the 
small, quick-flying butterflies, known as the skippers, 
properly so called. When at rest many of these insects 

raise the upper wings, leaving the lower ones horizontal, 

a habit not unknown among butterflies of other families. 
The Lulworth skipper (P. act@on) is a rare, or rather 
local, small brown skipper, confined in England to a 
few spots along the south coast. 

Among others are P. silvanus, the large skipper, 
P. linea, the small skipper, and P. lineola, the scarce 
small skipper lately added to the British list. The 
dingy skipper belongs to another genus (Nisoniades), 
as does the chequered skipper (Cyc! lopides) s). The grizzled 
skipper (Hesperia malv@) isa black or brown butterfly, 
with white spots on the upper side, common in England 
in summer. The silver-studded skipper (H. comma) is 
confined to some of the midland and southern counties 
of England, though abundant on the Continent. 
Figures of this butterfly will be found in 
the illustration on page 1938, and on the 
coloured plate on page 1969 (4). 


MOTHS 

Since limitations of space will only 
admit mention of a few of the genera and 
species of butterflies, we pass on to the 
moths, in which the antenne are of 
many different forms, but never distinctly 
clubbed (suborder Heterocea). Moths are 
vastly more numerous—both in -genera 
and species—than butterflies; and, as 
already observed, are for the most part 
nocturnal insects. The other distinctive 
features having been already mentioned, 
we proceed to the first family of the group. 


EMPEROR-MOTHS 


The splendid moths included in the 
family Saturniide are probably among 
the most beautiful, as they certainly are 
among the largest, of all known Lepido- 
ptera, ranging in size from the atlas 

.. moth (Afttacus atlas), which measures a 
foot at least.in expanse of wing, down 
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EMPEROR-MOTHS 


to the English emperor-moth, of two or at 
most three inches in diameter. They do not, 
however, vary so very much in the compara- 
tive beauty of their richly- -coloured ocellated 
wings. The larve, too, are not only of 
remarkable beauty, but have great com- 
mercial value ; for it is from members of 
this family that China and Japan obtain 
vast quantities of a strong, though less 
expensive, silk than that produced “by the 
ordinary silk-worm. These species are the 
oak silk-moth of China (Saturnia pernyt), and 
its near relative, Antherea yama-mai of Japan. 

In all their stages these lovely insects are 
remarkable, differing widely in their general 
characters from the majority of moths. The 
larve, with their clear rich green velvet bodies, 
deeply cleft into separate, well - marked 
segments, their rounded warts, golden, rose- 
coloured, and sky-blue, emitting long, sinuous 
hairs, the latter, sometimes enlarged at the 
extremity, cannot fail to attract attention 
both for their unusual aspect and their beauty. 

When this stage is past, and the insect 
reposes in the large, leathery sombre brown 
cocoon, there is no lack of interest. The 
mouths of these cocoons, as noted at the 
beginning of the chapter, are fashioned for 
the better security of the slumbering pupa. 
No earwigs, beetles, or other prowling enemy 
can find its w ay into the cocoon to destroy the inmate, 
though the moth can readily emerge as soon as the 
outer shell of the enclosed pupa has been burst. For 
with a subtle ingenuity, no less wonderful because 
instinctive, the larva has carefully provided against 
these contingencies. It has arranged stiff, springy 
bristles round the orifice, each pointing outwards, 
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gathered in at their tips, so that unwelcome visitors 
cannot gain an entrance. 

But beyond all these interesting features, the perfect 
insects are themselves sufficient to enlist our admiration. 
The enormous strong fore wings with prominent 
anterior angles; the rich browns, purples, and greys 
in every shade and gradation; the large crescent- 
shaped or eye-like blotch on both fore and 
hind wing render the members of this family 
not easily to be mistaken for any other 
lepidopterous insects. True, the eye-like 
blotches recall to mind those of the peacock- 
butterfly, but the stout, woolly bodies, the 
plumose antenne, and the feathered legs of 
the emperor-moths will show clearly enough 
that the resemblance is but superficial, and 
that there is no close relationship between 
them. The males fly swiftly, with a some- 
what erratic flight in the broad daylight ; 
and if the female, held captive in some 
receptacle, be placed in the open woods, 
many of the former sex will eagerly eather 
round the cage, and thus themselves fall 
victims to the net of the naturalist. 

There are many species included in the 
family Saturniide, though mention can be 
made of only a few. The common emperor- 
moth (Saturnia carpint), one of the dwarts 
of the family, is abundant in England, where, 
in the  heather-districts, the beautiful 
emerald larva, studded with rose or golden- 
yellow warts, may often be discovered 
wandering over some open sandy space or 
footpath. It is, however, at times scarcely 
distinguishable as it nestles among the 
heather-stems, since the rosy warts on the 
back and sides assimilating closely with the 
pink heather-blossoms secure it from observa- 
tion. The moth itself—smaller and darker in 
the male sex—is of a deep purple brown. The 
fore wings, richly variegated with greys, are 
bordered with a snow- white fringe, while the 
hind pair are orange margined with brown. 
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Both fore and hind wings bear a black eye-like blotch, 
ringed with a narrow line of blue in the centre. The 
tough and dry empty cocoon may often be seen spun up 
amongst the heather-stems. The common emperor is 
found all through Europe and in Northern and Western 
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Asia, while a much larger form, the peacock-moth (S. 
pyri), is not uncommon in Southern Europe, and has 
been caught so far north as Paris. 

Passing on to the Chinese oak silk-moth (S. pernyz), 
we find that its chief interest lies in the fact of the 
commercial value of its cocoon; a value which has not 
been fully recognised for more than thirty or forty 
years. The Abbé Perny, from whom it derives its 
scientific name, was the first to introduce it to the 
notice of European silk-merchants, and from him we 
have a description of the method adopted by the 
Chinese in breeding and rearing the larve and winding 
off the silken treasure. Coppices of dwarf oak-tree 
are cultivated, the earth is smoothed and cleansed 
with great care beneath the trees, while attendants are 
always at hand to shift the larve from one bush to 
another, or restore them to the foliage when they have 
fallen to ground. The best of the cocoons from last 
year’s cultivation are placed in a care- 
fully regulated temperature, and the 
moths are hatched off exactly at the 
season when the oak-leaves are begin- 
ning to be ready for the larve. This 
will be about the month of April, when 
the females are laid in wicker trays 
where they may deposit their eggs. 
Soon, within ten days, the tiny larve 
creep forth and mount the oak-twigs 
laid in the trays for their reception. 

Carried forth to the tender oak-foliage, 
they quickly begin to feed, while the 
keepers are always on the watch to 
protect them from insect-vermin, birds, 
and so forth, which, if permitted, would 
soon clear off the whole plantation. 
Forty-five days at the outside, and the 
larve are full-fed; they then spin their 
cocoons, pass into the pupa state, and 
the winding off of the silken harvest 
begins. The largest cocoons are selected 
and set aside for the breeding of larve 
for another year. The rest are exposed to a high 
temperature, which destroys the pupe within. Boiling 
water—in which the earthy salts of buckwheat ashes, 
cleaned for this purpose, have been dissolyed—renders 
the cocoon fit for being unwound. 


HAWK-MOTH AND CATERPILLAR BEING ATTACKED BY 


The silk is wound off in strands—five, six, or eight in 
number—a single strand from each cocoon, according 
to the strength of thread required. The silk thus 
prepared is much stronger than that from the silk- 
worm moth, though it is neither so fine in texture nor 

so valuable. The Japanese oak silk- 
} moth (Antherea yama-mat) is closely 
allied to the above, and the process of 
cultivation of the insect much the same. 


SILK-SPINNERS 


The only species belonging to the 
family Bombycid@, known in Europe, is 
the one mentioned above as the true 
silk-worm moth (Bombyx mori). This 
insect has become acclimatised in many 
parts of Southern Europe, where, as in 
China, it is cultivated for its silken pro- 
duce. The larva is itself not remark- 
able, save perhaps for its resemblance 
to the caterpillars of the hawk-moths, 
with its smooth naked skin, and short 
erect tail. It is, however, by far the 
most valuable caterpillar yet discovered. 
Ages ago, from two to three thousand 
years before the Christian era—if 
Chinese records be reliable—this larva 
was well known in the far East, and already silk-culture 
was a well-established element in the national industry. 

History relates how the eggs were first brought to 
Europe, in the reign of the Emperor Justinian, by 
Persian monks, concealed in their hollow bamboo 
staves ; and from these silk-culture in Europe took its 
origin. Itwas, at any rate, carried on at Constantinople 
in A.D. 520. The Arabs introduced the industry into 
Spain, whence it spread in the twelfth century to 
Sicily, and thence to Italy and all the south of Europe. 
So far as England is concerned, both James I. and 
George I. endeavoured to introduce the cultivation of 
the silkworm for commercial purposes, but without 
success. The actual mode of cultivation and 
preparation of the cocoon differs in no very essential 
feature from that of the oak silk-moth, save that 
it is usually conducted under cover in well-ventilated 
rooms; the wicker trays of  silk-worms being 
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one above the other on light 


arranged in 
bamboo racks. 
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HAWK-MOTHS 
The large moths included in the family Sphingide 
are either diurnal or subnocturnal in their habits, flying 
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powerfully both in the daytime or just © og 
before nightfall. Among other charac- 
teristics, the antenne are gradually 
thickened towards the tip, which termi- 
nates in a hook. The fore wings are 
elongate, narrow, and usually pointed 
towards the apex ; while the hind wings 
are comparatively of small size. The 
larve are smooth, generally with a horn 
on the last segment of the abdomen. 
They make no cocoon, but the pupa 
lies in the earth, into which the larva 
burrows before the transformation 
takes place. As is the case with 
almost all, they are protected by their 
colouring, which assimilates to that of 
the tood-plant. These fine insects are 


divided into several subfamilies and 
many genera. 
As the type of the subfamily 


Acherontine may be taken the well- 
known death’s-head moth (Acherontia 
atvopos), which is by far the largest 
of British moths. It is a very stout, 
bulky insect, with strong, broad wings; 
its thorax having on the upper side 
a~ pale mark, which bears some 
small resemblance to a human skull, 
whence it derives its scientific and 
trivialnames. The fore wings are dark 
plum colour, lined and spotted with 
yellow; the hind wings yellow, with 
two sinuous transverse bars of black ; 
and the body dark plum colour, with 
black transverse lines, and a yellow | 
patch at the side of each segment. 

The most remarkable fact about the 
moth is that it is capable of producing an audible 
squeak. Whether this is produced, as was formerly 
supposed, by the friction of the palpi against the coiled 
proboscis, or by the sudden passage of air—previously 
drawn into a cavity in the stomach—through the 

_ wesophageal orifice and the proboscis, acting upon a 
| cleft at the extremity of the latter, is not certain. If, 
as has been asserted, the squeak does not abate even 
on the decapitation of the moth, the air-passage theory 
suffers a shock, and evidently does not entirely account 
for:the noise. The cleft at the end of the proboscis 
_ would perform a somewhat similar function to that of 
the tongue in a penny trumpet, the reed in certain 
/ wind instruments, or the orifice in a whistle-pipe. 
The handsome larva (green, with large, pale yellow, 
- swollen anterior segments, and yellow, black-speckled 
_ oblique stripes across the sides), with its spinous tail, 
may be sometimes discovered on the jasmine and in 
potato fields. Not infrequently, the large pupa 
tuimbles from its friable earthen case when the potato 
crop is dug. The moth flies strongly at night, feasting 
/ usually upon the sap oozing from the trees. It dves 
not, however, hesitate to rob the hive of the honey- 
_ bee, and apparently without molestation. — 
To the typical genus of the second subfamily, Smevin- 
thine, belong several well-known British species, among 
which the eyed hawk-moth (Smerinthus ocellatus) 1s 
_ figured on page 1942 as an example. This moth is charac- 
terised by its angular, slightly scalloped fore wings and 
- rose-coloured hind wings, each bearing an_eye-like 
| black spot, ringed with blue, near the inner angle. The 
‘larva is delicate green, its skin rough with minute 
/warty points, with a series of oblique white stripes 
across the segments at the sides, and a short, sharp tail. 
It feeds on the willow and other trees, assimilating 
| well in colour with the leaves and their oblique veins ; 


OLEANDER HAWK-MOTH, WITH LARVA AND PUPA 
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while the moth, hanging with half-closed wings, closely 
resembles a half-detached withered leaf. The insect 
is found throughout Europe and Northern Asia. 

One of the largest and most beautiful of the tribe is 
the oleander hawk-moth (Daphnis merit). In this 
species the fore wings are rich green, veined with white, 
having towards their base a triple, transverse rose- 
coloured bar, whose posterior arm runs along the hind 
margin of the wing to the thorax. The hind wings, 
thorax, andfabdomen are green. The larva is green, 
with a pale band and numerous white speckles on the 
sides. The first three segments are suffused with 
yellow, and the third bears a large bilobate blue spot, 
outlined with black, on either side. The moth occurs 
throughout Europe, Africa, and Southern Asia; but 
neither larva nor perfect insect are often taken in 
England. The caterpillar feeds on the oleander and 
periwinkle in summer. 

The elephant hawk-moth (Che@vocampa_ elpenor) 
typifies a third subfamily (Cha@vocampine). In this 
species the front wings are green, margined and veined 
with delicate rose-colour ; the hind wings black, with 
rose-coloured borders ; the thorax and abdomen of the 
same tint of green, with a central rose-coloured band 
along the back, another at the sides, while the two 
last segments of the abdomen are rose-coloured. The 
larva is black, with three eye-like spots at the sides 
of segments three, four, and five, which are much 
enlarged, having also a rose-coloured band along the 
sides. It feeds on fuchsia, bed-straw, willow-herb, 
and the like, and is common in Europe and Northern 
and Western Asia in June. 

To the same subfamily belong the members of the 
genus Deilephila, which have a world-wide distribution, 
although specially common in Southern Europe ; 
among these, one of the commonest on the Continent 
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is the spurge hawk-moth (D. 
the adult is rare in England, the caterpillar has been 
observed in sore numbers in Devonshire, feeding on 
the sea-spurge. ‘The fore wings are grey and rose-colour 
in blended tints, with a large dull green spot at their 
base, and an oblique submarginal band of the same 
colour, besides two smaller crescent-shaped spots 
towards the tip, the hind wings delicate rose, with black 
base, a deep crimson transverse 
bar, followed by a narrower 
black one a little beyond the 
middle; and the thorax and 
abdomen green, the latter with 
white sides. 

The caterpillar is black, 
speckled with yellow, having a 
dorsal rose-coloured central line, 
a row of yellow spots along 
either side, and another below 
of red and yellow spots blended. 
It feeds on the sea-spurge from 
July to September. In the 
figure on page 1942 the larva is 
repelling the attack of an 
ichneumon by ejecting noxious 
fluid into its face. 

The pine hawk-moth (Sphinx 
pinastrt) belongs to the typical 
subfamily (Sphingine), and is a 
dull grey species, scarcely to be 
discerned as it rests on the 
similarly tinted bark of the pine- 
trees on which the larva feeds. The moth lays her 
pale green eggs upon the pine-needles, and in about 
a fortnight the larve emerge, and at once attack the 
needles. They have occurred in such abundance on the 
Continent as to ruin whole forests of pine-trees, to the 
extent of many thousand acres. 

Although the moth is common throughout Europe, 
and several specimens have been taken in England, it 
is very doubtful whether a genuine British-bred specimen 
has ever occurred. The larva, which changes to a 
pupa beneath the earth, is green, with narrow longi- 
tudinal bands of red and white; these lines being 
naturally a great protection amidst the longitudinal 
lights and shades of the pine-needles. 

"y et another subfamily (Macroglossin@) is represented 
by the humming-bird hawk-moth (Macyoglossa stella- 
tayum), shown in the figure on page 1942. This smalland 
swift species, which hovers with a darting, fluttering 
course over flower-beds in the sunshine, is double- 
brooded, and occurs almost all the year round. It has 
often been mistaken for a humming-bird, whose flight 
it closely resembles, while travellers familiar with the 
latter mistake the long proboscis from which the moth 
derives its generic name for the slender bill of the 
humming-bird. 

The fore wings are dark black-brown, and the hind 
wings pale copper-red. The sides of the abdomen are 
blotched with white, its extremity being thickly tufted. 
The larva is green or pinkish brown, w ith a pale stripe 
along its sides, and feeds on the lady’s bed-straw. The 
autumn brood of larve hibernate in the pupa state, 
the perfect insects emerging in the spring. 


euphorbie). Although 
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PROMINENTS 


The prominents (family Notodontide), which are of 
moderate size, with stout, hairy bodies, long, ample 
wings, sometimes with a tooth-like tuft of scales on the 
inner margin, are very Similar in general appearance 
to members of the family of owl-moths (Noctuid@). The 
antenne are usually pectinate in the male, and simple in 


the female, but in some genera comb-like in both sexes. 


The larve, which in many species assume strange 
abnormal shapes and attitudes, are smooth and 
shiny, and without the last pair of claspers. In some 
cases the terminal segment bears a pair of tail-like 
processes, which can ‘be raised or depressed, spread 
widely apart, or closed at pleasure. When full fed, 
the larva forms a tough cocoon, covered with chips of 
wood or other debris, in which it turns toa pupa. The 


HAWK-MOTH WITH LARV2 AND PUPA 
perfect insects fly at night, and may sometimes be 
found during the day resting on the trunks of trees, 


palings, or other suitably coloured objects. 

A common British representative is the buff-tip 
(Phalera bucephala), although it is more often met with 
in the larval state than adult. Yellow-and-black- 
spotted, the young larve may be found together, 
feeding gregariously upon elms and other trees. The 
silver-grey wings, streaked and barred with rich browns, 
their tips painted with a patch of pale yellow, appear 
when closed, as the moth rests on the grey bark of a 
tree, exactly like a short grey stick with the top bevelled 
off on either side, and partially decayed. 

The puss-moth (Dicranura vinula) is another common 
British species often found on poplar-trees in the larval 
state, though the perfect insect is seldom met with. 
The latter has white fore wings, tinged and marked with 
grey, the thorax being spotted with black. The 
compressed, globular, dull red egg is laid in the summer 
months on the leaves of the poplar or sallow, and the 
tiny caterpillars are at first quite black, but become 
greener as they grow older. When full grown, they 
assume, at rest, the characteristic position represented 
in the illustration on opposite page, whence they derive 
their name of puss-moths, from some fancied re- 
semblance to a cat. The bifurcate tail emits thin red 
filaments from the apex of each branch when the larva 
is irritated ; the colour being then bright green, with 
a red-brown or chocolate- pink patch “margined with 
white behind the head, narrowed and then “broadened 
at the sixth segment, and narrowing again to the tail. 

The cocoon is very tough, formed in some crevice of 
the bark gnawed into a convenient cup by the strong 
jaws of the larva. On the top are glued the chips thus 
obtained, and, with bits of lichen added, it almost defies 
detection amongst the surrounding knobs and rounded 
bits of bark. The species is common throughout 
Europe and Asia. 

The caterpillar of the lobster-moth (Stauvopus fagt) 

resembles nothing to be found in Nature save those of 
the closely allied species, aS may be seen from the 
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CLEAR-WINGS 


illustration. The moth is found, but not commonly, 
throughout Europe, and the larva feeds in July upon 
the oak, birch, and other trees. It is supposed that 
the extraordinary attitude, with head and tail erect, 
has proved beneficial in warning off noxious enemies. 

Another type is represented by the figure-of-eight 
moth (Diloba ceruleocephala), in which the fore wings 
are lead-colour, with a pair of white spots which some- 
times bear a very close re- 
semblance to figures of eight. 
The larva is blue-green, with 
a central yellow stripe along 
the back, another below the 
spinners, while each segment 
bears a number of black warts, 
each with a black hair springing 
from the top. Illustrations of 
the moth and larva are to be 
found on page 1950. 

Of other forms, the dromedary 
prominent (Notodonta dyvome- 
darius), the zigzag (N. ziczac), 
the kitten-moth (Cerura bifida), 
and the swallow prominent 
(Pheosta dictea) are among the 
more remarkable of the Noto- 
dontidé indigenous to England. 
But we must leave this interest- 
ing group, and pass over the 
family Cymatophoride, including the peach-blossom 
(Thyativa batis), frosted green (Polyphloca ridens), 
buft-arches (Habrosyne devasa), and others. 


CLEAR-WINGS 


The elegant insects the clear-wings (family Sesizd@)— 
whose transparent wings, attenuated bodies banded 
with yellow and red, dilate and hooked antenne, give 
them no small resemblance to members of the Hymen- 
optera—are diurnal in their habits, flying swiftly to and 
froin the bright sunshine. The larve are what are called 
internal feeders, burrowing in the trunks of various 
trees or in the pith of shrubs. The pupe are armed 
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with little hooks, which enable them to’ move up and 
down their tunnelled galleries. — 
There are many species even in England, one of the 


largest being the hornet clear-wing ; and so closely do 
this moth (Tvochilium apiforme) and its near relative 
(I. bembiciforme) resemble the common hornet, or 
perhaps more closely the female of one of the smaller 
wasps, that only a practised naturalist would be able to 
tell the difference, and then only on a close examination. 
The wings are transparent, and the body is black, 
striped and spotted with yellow. The moth has a 
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curious habit, which increases the deception, and renders 
its likeness to some hostile wasp still more striking. 
If surprised sitting in the sunshine upon a poplar-trunk, 
the abdomen will be arched upwards, and the tail 
tapped against the bark with a veritable—to all 
appearances—stinging movement. The larva burrows 
in the wood of the poplar, and the pupa-skin may be 
found half out of one of the galleries when the moth 


CATERPILLARS, AND 3, COCOON; 4, CATERPILLAR OF 
LOBSTER-MOTH 


has emerged. The insect is common all 
Europe and Northern and Western Asia. 


SYNTOMID/E 


One small family, the Tiniageriid@, must be passed 
over, and a brief reference made to the moths of the 
family Syntomid@, which introduces us to the well- 
known burnets. The Syntomide include small moths 
with broad, triangular-spotted wings, and body 
extended behind the hind wings. The members of 
this family are very similar in general appearance to 
the burnets, but differ in the absence of the ocelli. They 
are widely extended, and take the place of the burnets 
in the tropics of the Eastern Hemisphere. Among them, 
the spangled white(Svntomis phegea) is a common moth 
in some localities on the continent of Europe, with blue- 
- black wings spotted with whie, 
_ as represented in the illustration 
on page 1950. The larva is 
black, thickly clothed with hair, 
and feeds on the dandelion, 
while the perfect insect flies, 
somewhat like the burnets, in 
the sunshine, and settles upon 
flower-heads. It is not found 
in England, though extending 


through 


through Europe to Northern 
and Western Asia. 
We may also notice the 


handmaid moth (Naclia 
ancilla), a very rare species in 
England, but not uncommon in 
the woods of Southern and 
Central Europe in June and 
July. Its larva is black, with 
yellow lines on the back and 
sides, and it feeds on tree and rock lichens in spring. 


BURNETS 
The burnets (family Zyg@nid@) are for the most part 
small moths, with long, rather narrow fore wings, and 
stout bodies extending beyond the hind wings. Their 
usual colour is black, green, or dark blue, spotted with 
red, white, or yellow. The hind wings.are grey, red, or 
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imilar in colour to the fore wings, with a narrow black 
aargin, and the antennae are somewhat abruptly 
arrowed towards the extremity. The burnets are 
ocal, though, from their gregarious habits, abundant 
yhere they occur. The larve are rather compressed, 
apering at both ends; and the cocoon is long, spindle- 
haped, yellow or white, of fine shiny silk, and attached 
ongitudinally to grass stems. 

Of the six-spotted burnet (Zygena filipendule) the 
aterpillar feeds late in the autumn, and hibernates 
ntil the following spring. It is short, stout, slightly 
airy, dull yellow, with two rows of black spots along 
he back, and feeds on grasses of various kinds. 

The moth flies heavily in broad daylight and may 
ften be seen, two or three together, hanging upon 
lower-heads in chalk pits and on downs by the sea. 
ts fore wings are black, with metallic green lustre, 
aving six bright red spots in three pairs; and the 
ind wings are bright crimson, with a narrow black 
order. The species, which 
s abundant in certain parts 
f England, as well as on 
he Continent, is shown in 
‘arious stages of develop- 
nent in the illustration on 
age 1950, and the adult 
s figured here. 


CASE-WEAVERS 


An interesting group of 
noths, although not notice- 
ble either for size or 
oloration, is that of the 
ase-weavers (family Psy- - 
hide). Their chief claim _ 
o notice is from the curious * 
abits of the Jarve, which 
orm from vegetable débris, 
wigs, chips, etc., a case in 
vhich they dwell, protrud- | 
ng merely the thoracic /7@@ 
egments, with the threc 
airs of legs belonging to 
hem. Some other moths, 
s for instance the genus 
oleophora, also construct 
tough case of a somewhat ¢ 
imilar nature, but manu- “+ 
actured entirely of silk. - 
mong other insects the 
ame habit of the larve is » 
sund among the caddis- 
ies, which creep on river- 
eds protected by a case of encrusted shell, pebbles, 
wigs, etc. 

In the moths of the present family the males alone 
ossess well-developed wings, the females being worm- 
ke, and often without antenne, legs, or wings. The 
henomenon known as parthenogenesis has _ been 
bserved amongst members of this family. The moths 
re mostly dull brown insects, and the various species 
re better distinguished by a comparison of the larval- 
ases than of the insects themselves. 

Of the many species embraced in this family, only 
ne can be described, and this but briefly. This 
necies (Pysche untcolor) is a dull brown little moth, 
o»mmon in Central and Eastern Europe but not found in 
ngland. The larva of the male moth makes a larger 
nd more conspicuous case than does the grub which 
ill produce the wingless female. The larvae hibernate 
curely enclosed in their cases, which are spun on a 
ee-trunk or other convenient object. In the spring 
1e silken attachments are severed, and the larva 
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SIX-SPOTTED BURNET 


continues to feed until the time of pupation has arrived, 
when it again spins up the mouth of the case to a tree or 
post, and changes within it to the pupa. The male 
then emerges as a perfect moth, but the female, which is 
devoid of eyes, ovipositor, or any appendages worthy 
of being styled antennz or legs, remains in the larval- 
case even after it has emerged from the pupa. The 
organs for the production of eggs are, however, com- 
plete, and parthenogenesis must, as in many other cases, 
be looked upon as exceptional. 


COSSID/E 


The moths belonging to the family Cossid@, like those 
of several others, do not possess any proboscis, the 
antenne being pectinate in both sexes. The larve are 
smooth, and feed sometimes for several years before 
pupating in the centre of tree-trunks of various kinds ; 
a cocoon being formed of chips of wood within which 
the pupa awaits its final development. The family 
is typified by the goat- 
moth (Cossus ligniperda), 
in which the front wings 
are of a rich brown, streaked 
and mottled with darker 
tints, while the hind pair 
are dull brown. 

The larva—often known 
as the auger-worm—is ex- 
ceedingly destructive to 
forest trees, the holes which 
it bores in its ravages being 
often half an inch, and even 
more, across. Its odour 
recalls that of a goat, hence 
the name given to the moth. 
A large, long, flat, broad 
larva, flesh-coloured, with 
short hairs scattered over 
the body, it is seldom met 
with, though it sometimes 
> may be found as it crosses 
.a road or footpath when 
seeking for a suitable place 
in which to spin its cocoon, 
The caterpillar lives for 
over three years in the 
larval state, and makes a 
very tough cocoon from 
wood chips, glued together 
with a gum _ which it 
secretes. The species, which 
is a native of Europe and 
Western Asia, generally 
appearing in June and July, is figured on page 1945. 


GHOST-MOTHS AND ALLIES 


The next family (Avbelid@) must be dismissed 
without further remark. The Hepialid@ include the 
insects known as ghost-moths, one of which, the largest 
British species (Heptalus luwpulinus) has the wings 
white above and brown below, so that when it flies in 
the dusk of the evening it appears and disappears in 
rapid sequence owing to the practical invisibility of 
the dull colour of the under side, in sharp contrast to 
the vivid white of the upper side. A near ally of the 
chost-moth, likewise referable to the family Hepialide, 
is the splendid giant swift moth (Zelotypia stacyt)- of 
Australia, which is illustrated in the coloured plate on 
page I919 as being one of the finest of all moths. 
As the coloration and characters of this magnificent 
insect are sufficiently indicated in the illustration, it 
will only be necessary to give some account of its habits. 

Originally described from imperfect specimens found 
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GIANT SWIFT MOTH 


at the Manning River and in the neighbourhood of 
Newcastle, this moth was subsequently obtained in 
some numbers by the miners of the latter district. 
Mr. A. S. Oliff writes that “as the insect is rarely 
found in the perfect, or imago, condition, the larva has 
to be sought for and reared—a matter of no little 
difficulty, as it lives, like those of the allied genus 
Charagra, in cylindrical burrows, which it makes in 
the interior of the stems or branches of trees, some- 
times near the surface of the ground, and sometimes 
at a height of fifty or a hundred feet. By searching 
for these burrows, and rearing the larve, or pupe, 
when found, a considerable number of specimens have 
been obtained by the miners; but I am informed 
that the supply is by no means equal to the demand.” 

The caterpillar is 
long, cylindrical, 
and fleshy. Above 
its general colour 
is pale yellow, with 
the divisions  be- 
tween the segments 
inclining to reddish 
brown. The first 
three segments are 
rather bright red; 
and the following 
segments, with the 
exception of the two 
last, are marked 
with three pale 
spots in the middle, 
and two on each 


side. The finely 
rugose head is 
black, as are the 


claws of the short 
legs. In the long 
and cylindrical 
pupa each of the 
abdominal seg- 
ments beyond the 
extremities of the 
wing-covers is pro- 
vided with a trans- 
NiCILSiers elated 
horny ridge near the 
front margin; the 
seventh to the tenth 
segments bearing 
similar but less 
prominent ridges ; 
while the hinder 
extremity is armed 


mature it has the habit, particularly in the afternoons, 
of resting in the bore, with the top of its head just 
level with the floor of the cross-bore, and plainly 
visible from the outside. The moths appear early 
in March. It has been found that they never come 
out after three o’clock in the afternoon ; and chrysalids 
under observation, if not out at that hour, can be 
safely left until the next day.” 

The next family (Callidulide) must be omitted ; 
but the Drepanulide may be briefly referred to as 
containing the British species Czlix spinula, and the 
common hooktip (Drepana falcataria), and allied 
forms. Of the Thyridide there is but one European 
genus (Thyris), and no British species of this. 

The Limacodidé are small, stout moths of wide 
distribution, repre- 
sented in Britain 
Dy twores pie cies: 
The larva of the 
North American 
hag-moth  (Phobe- 
tvon ptitheciumy) 
possesses elongated 
appendages covered 
with down, and its 
habits are very 
interesting. lt 
lives on orange- 
trees, and in many 
cases secures a 
suitable place for 
turning into a 
pupa by killing 
some of the leaves. 
These then assume 
a light brown 
colour, with which 
the cocoon assim1i- 
vies aeone lye. 1S 
covered with the 
down of the larva, 
2 Dadar hi Sas asmOn: 
similar hue. The 
cocoon is complex 
and provided 
with a very perfect 
lid. 


LASIOCAMPID/E 


Ne lappews, 
drinkers, and eggars 
are well-known 
species included in 


with small sharp pers CECeeOr Re T Oe the large family 
spines. a, male ; 4, female; c, eggs; d, larva; e, cocoon; 4 a beetle (Calosoma) attacking larva 3 & larva of Lasiocam 2 vd @s 
Usually the cater- Calosoma ; 4, ichneumon laying its eggs in the pupa; 2, small parasites emerging from their cocoons These moths are 

i pillar makes its on the remains of the Jarva which they have devoured large, for the most 


burrows in the wood of the grey gum-tree ; but there is 
some doubt as to whether it does not occasionally 
resort to another species of gum. KRegarding the 
habits of the larva and pupa, Mr. Froggart writes 
that the former “changes into the chrysalis in 
“December, after having eaten off the web in front 
of the bore, and placed a thick felty wad, or button, 
just inside the opening of the bore; but as soon 
as the chrysalis skin has become hard and’ firm, 
it pushes the wad away, and moves freely up and 
down the bore, which varies in depth from ten to 
twelve inches. It can move up and down the passage 
very rapidly, the curious file-like rings on the lower 
edge of the abdominal segments being evidently 
adapted to helping its locomotion. When nearly 


part, 2 inches to 2} across the expanded fore wings, 
others being smaller, about 1 inch only in expanse 
of wing, with stout, hairy bodies and strong wings. 
They fly rapidly in broad daylight or at night. The 
larve are clothed with soft hair, that on the sides 
being often directed downwards in a tufted. form. 
To the genus Gastvopacha belong the lappet (G. querci- 
folia) and the oak-eggar (G. quercus); the common 
drinker pertaining to another genus (Odonestis), with 
the specific name potatoria. 

As examples of the former genus we select for 
description the pine-lappet and the procession moth, 
both abundant on the Continent, but not occurring in 
England. The larve of both these moths spin silken 
cocoons. 
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1, moth; 2, highly magnified single hair of larva; 
larvae spun up together 


Having the front wings grey, tinted with different 
shades of brown, the pine-lappet (Gastvopacha pint) 
is a large moth measuring from 2% inches across the 
wings. The larve are ashen grey, with a dorsal row 
of dark blotches, a lateral brown stripe, and a pair 
of blue transverse bands on the third and fourth 
segments. This handsome larva is often very destruc- 
tive to the pine-forests, where it feeds upon the needles 
of the trees, and sometimes appears in overwhelming 
numbers. 

In coping with the enormous quantity of caterpillars 
of this moth which devastate the district on these 
occasions, man is materially assisted by other creatures. 
Thus, a tree-frog feeds upon the larvae; ichneumons of 
different species sting, and thus destroy, thousands; an 
internal fungus establishes itself in the caterpillar, 
with the same result; and, lastly, a beetle and its 
larvee, which are represented in the illustration, render 
no small assistance in clearing off the pest. 

The caterpillars are hatched in the autumn and 
hibernate, remaining throughout the winter in the 
moss at the foot of the trees. In this state, coiled 
round in a spiral form, they may be frozen quite stiff, 
yet on the return of spring they regain vitality, and 
climb the trees in search of their usual provender. 
The red-brown cocoon is spun sometimes between the 
needles of the tree, as represented in the illustration, 
or else beneath some semi-detached piece of bark. 

In the procession-moth (Gastropacha processionea) 
the fore wings are yellow-grey, with a glossy sheen, 
and dark indistinct oblique transverse bars. The 
larve are hairy with a blue-black back, pale sides, 
and red or grey warts on each segment. At night the 
caterpillars march out to feed in a regular orderly 
procession, as represented in the illustration. One, 
the leader, marches at the head, followed by two, 
three, and so on, forming a wedge-shaped column. 
They ascend the oak-trees and return again in the 
same manner to their resting-place. They also spin 


MIGRATION OF LARV4 OF PROCESSION-MOTH 
3, Segment of larva; 4, pupa; 5, cocoons of several larve are hairv, and clothed with 
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their cocoons together, as in 5 of 
the illustration. The species is 
common throughout Central and 
Southern Europe in August and 
September. 

As our last representative of the 
family we take the lackey-moth 
(Clistocampa neustria), which is 
common in England and all through 
Europe and North and Western Asia 
during July and August. The fore 
wings are dull ochre-brown, with 
two oblique transverse brown bars. 
The eggs are laid by the female in 
the late summer in a firmly attached 
ring round some small twigs, as 
shown in the illustration. The larvie 
hatch in the spring following, and 
are brown with blue, white, red, and 
yellows longitudinal stripes ; all feed 
on the leaves of the pear and other 
fruit trees, and spin a long sul- 
phurous yellow cocoon among the 
leaves. 


LYMANTRIID/Z 


The family Lymantriide includes 
a number of moths in which the 
males have the antenne strongly 
pectinated, while in the case of the 
genus Orgyia the female is wingless. 
None possesses a proboscis. The 


long, thick tufts, springing in some 
places from wart-like prominences. The hairs of the 
larve are woven into the cocoon, and if they come in 
contact with the skin cause great irritation. In this 
family are included some well-known British moths, 
such as the vapourer (Orgyta antiqua), the pale tussock 
(Dasychiva pudibunda), the black arches (Lymaniria 
monacha), the gold-tail and brown-tail, the satin-moth, 
and many others. 

In the gipsy-moth (Ocneria dispar) the wings of the 
male are smoky black, while those of the female are 
grey; the appearance of the two sexes being very 
different indeed. The larve feed on various trees, 
and, though very rare in England, are sometimes so 
abundant on the Continent as to prove very destructive 
to all kinds of trees and herbage, stripping even maize 
and mullet fields, orchard, and vegetable produce. 
The cocoon is formed in a few folded leaves spun 
together with silk, or in a crévice in the bark. Its 


LACKEY-MOTH 


The eygs, larvae, and cocoon are shown 
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wings, antenne, and the dark half 
of the thorax and abdomen on the 
left side are of the colouring and 
form peculiar to the male, while 
those on the right resemble the form 
peculiar to the female. The lower 
figure on this page illustrates the 
stages in the development of the 
black-arches moth, which is not 
altogether abundant in England 
but much more commonly met with 
on the Continent. 

Indeed, so abundant is it at times 
that it causes great injury to forest 
tees. Sine Prussia, Lithuania, and 
Poland the havoc has been particu- 
larly severe. In 1863 the moth 
appeared in countless thousands, 
driven up as a regular insect storm 
by the south wind. Within a few 
hours the moths spread over the 
whole countryside, buildings were 
completely covered by them, and the 
very surf of the lake assumed a more 
snowy whiteness, due to the colour 
of the hosts of moths drowned in 
the waters. The woods seemed as 
though visited by a violent snow- 
storm, so thickly were the insects 
massed in the foliage. In 1852 whole forests were 
felled, in order if possible to be rid of the pest. 
The trunks were searched for eggs, and every tree- 
trunk in an area of fourteen thousand acres was 
examined. Often an ounce of eggs would be taken 
from a single tree, and, at the computation of thirty 
thousand to the ounce, we get, at one hundred 
trees per acre, upwards of thirty hundred million 
larve at work upon the trees in that area when the 
eggs hatched. 

Spotted woodpeckers, finches of all kinds, the larva 
of a longicorn beetle, Clevus, all assisted in the work 
of destruction. Yet, in spite of all this, it needed a 
hundred labourers with twenty foremen to carry out 
the destruction of the young larve hatched from eggs 
which were overlooked in a single acre of forest. The 
ground too, after the season was over, was white with 
the cocoons of countless thousands of Ichneumonide, 
so that millions of the larve can never, from the 
attacks of these alone, have reached maturity. 

The pale tussock-moth (Dasychiva pudibunda) de- 
rives its trivial name from the tufts or tussocks of hair, 
so noticeable a feature in the hairy clothing of the 
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r, 2, males; 3, 4, 5, females; 6, young larva; 7, full-grown larvae ; 8, pupa 


GIPSY-MOTHS 


1, male; 2, female; 3, pupa; 4, larve in different stages 


larve. The fore wings are grey with a smoky trans- 
verse bar. The larva is green with a transverse bar 
of velvet black between the segments from five to 
eight. Each of these segments bears a thick, squarely 
truncated tuft of upright yellow hairs, and the last 
carries a long tail or brush of hair. The species is 
abundant in England and all Europe. 

In the brown-tail moth (Porthesia chrysorrhea) the 
wings are snowy white, while the body is white with a 
brown tufted tail in the male, which in the female is 
much larger. The hairs of the tuft are deposited upon 
the eggs as a covering when laid by the female. The 
larva is short, thick, and black, with four rows of spiny 
tubercles along the sides. It is common in Great 
Britain and also on the Continent. 

Very similar to the last is the gold-tail (Porthesia 
auvifiua), but the front wings are dotted with three 
or more black spots, while the tuft at the extremity 
of the abdomen is formed of golden hairs instead of 
brown. The larva has rows of tubercles along the 
sides, whence issue numerous hair-like bristles. Each 
of the tubercles of the second row bears tufts of white 
hair. The third row is bright red. A bright vermilion 
double stripe runs along the back, while 
between the tenth and eleventh segments 
is a Cup-like scarlet protuberance. 

The satin-moth (Porthesia salicis) is 
another well-known member of the family, 
taking its name from the white satiny 
wings, the antenne and thorax being also 
white, and the body black, clothed with 
white hairs. The larva feeds on the 
poplar, and is abundant in England and 
throughout Europe. 


TIGER-MOTHS 

Two families, including many tropical 
species, come between the Lymantriid@ and 
the Ayrctiide, namely, the Plerothysanide 
and the Hypstde. The forms included 
under the name Avctiide, embracing a 
number of beautiful moths, such as the 
tigers and ermines, are usually divided into 
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| When young, they spin _ to- 
gether the needles of the pines, 
and often drop themselves by 
a thread to various points, 
whither they may feel inclined 
to descend. The pupa may be 
found in plenty amongst the 
moss which so often carpets the 
ground in pine-woods. The 
moth itself is cinnamon-red, 
with white blotches and spots. 
It is common in England and 
on the Continent. 

The merveil du jour (Dipthera 
ovion), indicates another sub- 
family (A contine) It has the 
fore wings of a pale green, with 
longitudinal white stripes, and 
three broken transverse black 
kars, the fringe being spotted 
with black and white. The 
larva is black, with large prim- 
rose yellow spots on the back 
of the third, fifth, and eighth 
segments. It feeds in Septem- 
ber upon the oak and _ birch, 
and the pupa is enclosed in a cocoon of bark chips, 
or fragments of decayed wood. 

In the same group, the caterpillar of the white 
spotted pinion (Cosmia diffinis), as well as that of the 
closely-allied C. trapezina, are remarkable for their 
habit of preying upon their fellow-caterpillars if con- 


——s= 
AND, 4, LARVA; 5, SIX-SPOT BURNET, AND, 6, LARVA; 
7, SPANGLED WHITE 


, 2, 3, TIGER-MOTHS, 


four subfamilies, the A rctiine, represented by the tigers, 
properly so called, the Lithosiine including the footmen, 
the Noline, and the Nycteoline. 

Of the first subfamily, the most familiar member is 
the common tiger-moth (A rctia caja), which in summer 


comes freely to light. 

brown with cream- 
coloured markings ; 
and the hind wings 
crimson with black 
blotches. Two very 
beautiful varieties 
of this exceedingly 
variable moth are 
figured in the accom- 
panying illustration. 
The larva is the well- 


The fore wings are rich chocolate 


fined together, other- 
wise their food con- 
sists of the leaves of 
various trees. The 
moth of the species 
figured in the illus- 
tration is very beau- 
tiful, being of a satiny 
chestnut, suffused 
with reddish grey, 
and having two some- 


known woolly bear, a what transverse 
large, swiftly-moving NS slashes from the 
caterpillar, clothed > sf, margin of the wing. 
with long, bristling, WHITE-SPOTTED PINION-MOTH AND PINE-MOTH, WITH THEIR LARV& The crimson under- 
wings (Catocala), which indicate another subfamily 
(Guadrifine), and are known in the New Forest 
as the crimsons, are rich chocolate-brown of various 
hues, with deep crimson under wings, marked with 
a pair of transverse black bands. They are common 
England. The finest of these 


black hairs, red at their base, which spins a loose web, and 
turns to a naked pupa. 
OWL-MOTHS 

Passing over the family Agaristide@, we reach the 
trae night-flying moths, now included in the family 
Noctuide. This enormous group has been subdivided in some parts. of 
into no less than ten sub- 
families. Of the first sub- 
family (Tvifeone) the rustic 
shoulder-knot (Hadena_ basili- 
nea) is a well-known example. 
In this moth the fore wings are 
grey-brown, with a _ central 
transverse darker band, and a 
distinct dark streak at the base 
of the wing. The larva is grey- 
brown, with three white lines 
along the back. It feeds on 
various kinds of grass, and 
often on wheat grains. 

As its scientific name implies, 
the pine-moth (Tvachea pint- 
perda) is in the larval state 
very destructive to pine-trees 


PJ 


in seasons favourable to a 1, MERVEIL DU JOUR; 2, RUSTIC SHOULDER-KNOT, AND, 3, FIGURE-OF-EIGHT 


MOTH, WITH THEIR LARVZ 
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great increase in their number. 


beautiful insects is the Clifden [\MuM Tee 
nonpareil (Catocala fraxini), jyRSe SWeiy 
very rare in England, but more 
abundant on the Continent. 
Scarcely less striking is the red 
under-wing (C. mnupita), in 
which the grey wings are 
mottled with darker shades, 
rendering it difficult to detect 
when resting on the grey bark 
of some forest-tree. The hind 
wings are pale crimson, with a 
central curving transverse black 
bar, and another broad black 
band along the margin. The 
caterpillar is grey, with darker 
brown markings, bearing a 
pale yellow prominence on the 
ninth segment. It feeds on a 
species of willow, Salvx fragzlts, 
and the adult appears on the 
wing in August and September ; 
being not uncommon in 
England, but found more 
abundantly on the Continent. 
In the angle-shades (Brotolomia meticulosa), which 
is one of the most beautiful, as it is one of the com- 
monest of British moths, the larva is delicate green, 
smooth, and velvety, thickly speckled with minute white 
spots. Itfeeds on groundsel. The perfect insect, which 
appears on the wing in May and June, with a second 
brood in September, is common throughout Europe. 
In the prettily- . 
marked species known 
as the feathered gothic 
(Neuvonia popularis) 


DANE 


LOOPERS 


1, male, 2, female, and 3, larvaof mottled umber ; 4, male, and 5, female of scarce umber; 6, male, 7, female, and 


8, larva of winter-moth 


The next form for notice is the so-called antler-moth 
(Chaveas gvaminis), which is probably one of the 
most destructive species in Britain, when, under the 
influence of a favourable season, the larvee appear in 
very great numbers. The larve feed upon the roots of 
grasses, and it is no uncommon thing for whole districts 
of pasture-land to become brown and withered, owing 

; if to their attacks. The 
perfect insect appears 
on the wing in August 
and September. 


the fore wings are 

dark brown, with LOOPERS 
white nervures. The The moths belong- 
orbicular and vermi- ing to the family 
form spots are of the Geometvide resemble 
same colour. The as E s gee SN ee in many respects the 
antenne are pectinate I, FEATHERED GOTHIC, WITH LARVA; 2, ANGLE-SHADES ; butterflies, having 
in the males, and 3) EEN Lanes large, ample wings, a 


simple in the female; while the hind wings are dull 
white, with darker margins. The larva is brown, 
streaked and spotted with black and rosy brown, with 
a pale stripe along the sides, and four others, more 
interrupted, along the back. It feeds on the various 
kinds of grasses in April and May, while the perfect insect 
appears on the wing in the early part of September. 


small head, and a narrow elongated body. The 
antennee are not, however, clubbed ; those of many of 
the males being pectinated. The palpi protrude only 
slightly, the proboscis is present in different degrees of 
development, while the head bears no ocelli on the top. 
When at rest, the majority of these moths carry their 
delicate wings shghtly expanded, or closed over their 
bodies, like the roof of a house, 
sloping from the centre on 
either side. They are seini- 
nocturnal in their habits, 
appearing at dusk, and lying 
concealed during the day in 
bushes, trees, and _ herbage, 
whence they may be easily 
driven by beating the foliage. 
di hies Wlamy aw ditiensEveny: 
decidedly from those of the 
other families, several pairs of 
the pro-legs being wanting, so 
that locomotion is possible only 
by alternately advancing the 
front and hinder segments, the 
central portion of the body 
being thus raised in the form of 
a loop. The pupz are some- 
times, aS in the butterflies, 


} 


cian 


Fae : : 
RED UNDER-WING, 


-— encircled with a silken thread, 
but the majority spin together 


WITH LARVA 
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Le’ : SSX ZA Si eee . ton Ea ¥ RAS 
MALE AND FEMALE BORDERED-WHITE ARGENT-AND-SABLE MAGPIE-MOTH, PUPA, AND LARVA 
a few leaves, and change within the receptacle thus The scarce umber (H. auvantiaria), which is figured 
formed, or burrow into the earth among dead leaves in the same illustration, is less common than the last, 
and moss. but appears at the same season. Nearly allied is the 


Of the first subfamily (Boavmiine) we select as a winter-moth (Cheimatobia brumata), which in mode 
representative the handsome pepper- of Nife is somewhat similar to the 
moth (Biston betulavia), which is one mottled umber, but, as indicated by 
of the largest of the European its scientific name, flies still later in 
geometers, and resembles members of the year. The larva lives partially 
the family Bombycidz in the possession secluded amongst the leaves which it 
of a stout abdomen. The form of the draws together with silk. When 
larva, however, is quite distinct, and occurring in great numbers, these 
closely resembles that of a dead twig. caterpillars do serious damage to forest 
Doubtless such a likeness saves it trees and orchards. The male isofa 
somewhat from the attacks of birds dusky grey colour, with three darker 
and ichneumon-wasps. When fully bands across the upper wings ; while 
extended, and clinging only by its the female is wingless. In order to 
hindmost claspers, the caterpillar prevent the females from ascending 
assimilates so marvellously with the the trees and laying their eggs on the 
brown and olive tints of the boughs foliage, it is the custom to ring the 
among which it takes up its station trunk with a narrow band of some 
that it is almost indistinguishable from sticky substance. 
its surroundings. The bordered - white (Bupalus 

Another handsome member of the piniarius) is another well-known 
same group is the mottled umber member of the group. In this species 
(Hibernia defoliaria), which appears the males are very abundant, flying 
very late in the season, long after the amongst fir-plantations in England 
majority of the members of the order and on the Continent. The females 
have completed the term of their are no less common, but do not take 
existence. By night the male circles wing so readily. The larva is pale 
around the trunks of trees in search of green, with whitish stripes, and pale 
his wingless partner. In the former yellow spiracles, and feeds during the 
sex the large wings are pale in colour, months of August and September on 
with a darker wavy transverse bar. ary the spines of the Scotch fir. 
The female, on the other hand, is ppepppr-morH, WITH LARVA ANp .. One of the most familiar of the 
variegated black and ochreous yellow, PUPA British loopers is the magpie-moth 
and looks like a spider. The larve : (Abraxas grossulariata), which at 
feed on the buds of various trees, and descend into the times makes its appearance in great numbers. The 
earth to change into the pupa; the latter being dark perfect insect is prettily mottled with white and 
mahogany, with a sharp spine at the tail. The species black, and on this account is called in Germany the 
is not rare in England and on the Continent. harlequin-moth. Another species, the scarce or 


why pe 


DARK SPINACH-MOTH MOTHER-OF-PEARL MOTH ; 
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clouded magpie (4. ulmata), is more abundant in the 
midland counties of England than the common magpie, 
though less so in the south. Of the common species 
the larva feeds on the gooseberry and black currant, 


doing considerable damage at times. 
It is one of the most strikingly 
marked of the geometric larvae, 
and turns to a yellow-banded pupa 
within a slightly woven web. 

The httle moth commonly known 
as the dark spinach (Larentia cheno- 
podiata) may be taken to represent 
the subfamily Larentiine. Appear- 
ing in July and August, it is a 
common species on the Continent, 
and is specially abundant in gardens 
and shrubberies, where it may be 
found nesting either on the bark of 
trees or the walls of buildings. The 
‘caterpillar is greyish brown in colour, 
and feeds on the goose-foot. 


lime-speck moth 
(Eusignata) may be 
mentioned. The 
ground colour of 
the wings is milk- 
white, with grey 
blotches and specks, 
and a broad red 
grey band on the 
Grain, These 
moths fly commonly 
at night in England 
and on the Conti- 
nent, while the 
larva, which is very 
variable in colour— 
bluish green, yellow 
green, or pinkish 
white—feeds in 
August and Septem- 
ber. on various 
annuals, such as 
golden-rod, rag- 
wort, and so forth. 
By no means a 
common species in 
England, although 
found occasionally - 
abound, the 
appears in May, flying round trees. 
The larva may be found amongst 
the birch foliage, in a receptacle 
formed of several leaves drawn 
together with silken threads. The 
pupal state is passed in the ground. 
The purple-barred yellow (Lythria 
purpuraria), figured in the annexed 
illustration, is a not uncommon 
species on commons, pasture-lands, 
and stubble-fields in England and 
the Continent. The ground colour 
of the wings is pale olive yellow, the 
upper pair banded with two or three 
pale vinous purple bars. The larva, 
which is brownish yellow with a 


in districts 


The group to which this 
species belongs are often termed carpet-moths. 
In another genus, known as pugs (Eupithecia), the 


1, oak-gall tortrix ; 2, pupa appearing from the resin-gall; 3, Glypta resinane (ichneumon) ; 4, the 
larch tortrix; 4a, pupa; 5, larvain a larch-bud; 6, pupa appearing from gall 


where 
argent-and-sable (Melantppe hastata) 


SMALL MOTHS 


characters which ally them to both families and yet 
exclude them from either. The common snout (Hypena 
proboscidalis) is a pale brownish yellow mcth, trans- 
versely marked with rusty brown; and is abundant 

throughout England and the Con- 
: tinent from June to September, 
| H. obsitalis has only once been 
-| taken in England. 


| MICROLEPIDOPTERA 


The whole of the remaining 
members of the order are of minute 
size, and are hence generally in- 
dicated by the name Maicro- 
lepidoptera, although it must be 
' understood that many of them are 
closely allied to some of the fore- 
| going. They are divided into a 
' Jarge number of familes—with 

their subfamilies and genera—of 
which only a very tew can be even mentioned here. 

Among these the pearls (Pyvalid@) are represented 
by the mother-of-pearl moth (Botys margaritalis) which 
in June or July may 
be seen in Britain 
hovering over the 
fields in the dusk of 
the evening, where 
the female lays her 
eggs on theseed-pods 
of the flax and other 
plants. When the 
caterpillars emerges 
itspinsa few threads 
between the pods, 
and bores through 
their outer shell in 
order to feed upon 
the seeds. The moth 
itself is of a dull, 
sulphur-yellow, with 
two transverse rusty 
yellow bands, in- 
tersected by a rusty 
bavonvene is tistpxe 
running obliquely 
from the tip of the 
wing. It is common 
in June and July on 
the Continent. 

To the same tamily belongs the meal-moth (Asopia 
favinalis), found in summer wherever corn, meal, or 

Sean —Eassaes| grains are stored in quantities, It 
2 ej | rests on the rafters and walls in the 
' | daytime, flying at nightfall. The 
| larva feeds on corn, meal, grain, 
4 bran, etc., and passes its life in 
concealment in a silken tube, of 
which the outer side is encrusted 
. with particles of the foodstuffs on 
| which the larva feeds. The larval 
state lasts for nearly two years. 
The wax-moth (Galleria mellonella) 
may be taken to illustrate another 
| family—the VYortvicide. This re- 
'markable moth is double-brooded, 
appearing on the wing in the 
springtime, and again in July and 
onwards. The larva feeds in the 


OAK-GALL AND LARCH-TORTRIX MOTHS 


birch-trees 


AAS Z ¥ hh 


<a CODLIN-MODE, <2, TESTCATERPILLAR , 


vale longitudinal dorsal stripe, : * : : L 
Gcels ie anal and doeks, 3, MEAL-MOTH hives of honey-bees, and, according 
SNOUT-MOTHS to some, in the nests of wild bees as well. The wax, 
The snout-moths (family Hypencd@) are inter- however—not the honey—forms its food-stuff, and 


mediate between the Geometrid@ and Pyralide, bearing 


through the combs it eats long tunnels, which it lines 
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with silk as it goes. It does not seem particularly 
choice in the matter of diet, and has been successfully 
reared on heather, woollen stuffs, dry leaves, paper, 
and so forth. In the case of the wax-eaters, the second 
brood nourishes itself upon the excrement of the first 
brood, which seems to differ inno way from the original 
wax itself. The moth appears on the wing in May. 

Another member of the same family is the oak- 
tortrix (Tortrix vividana), figured on the previous page. 
This beautiful little moth, bright green with shining 
grey hind wings, may be found flying about in June 
in swarms in woods where oak-trees abound. The 
larve, which feed on the leaves, and roll themselves 
carefully within the folded leaves, are sometimes so 
numerous as to become a perfect pest. Acres and 
acres of oak-plantation may be seen completely stripped 
of the foliage, while the green moths flutter about in 
countless thousands. The pupal state is passed in a 
folded leaf, or in the chinks of the bark or other suit- 
able crevice. 

The larch-tortrix (Retina buolinana) is a bright, foxy- 
red moth, with habits very similar to those of the last- 
named species. The moth may be seen in July flying 
among the trees in young planta- eases 
tions, and laying its eggs amongst 
the buds at the tip of the shoots. 
The larve are hatched in the 
autumn, and immediately begin 
to gnaw the buds, giving rise to 
the exudation of resin. 

In the allied pine-gall tortrix 
(R. vesinella) the adult has dark 
fore wings, streaked and mottled 
with transverse silvery bars and 
blotches. The larvae feed within 
the stem of the buds of the pine- 
needles, their ravages causing a 
drop of resin to exude from the 
twig, which grows larger as the 
activities of the internal bur- 
rower increase. If the drop of 
resin be examined a small pas- 
sage at the base will be found 
passing into the pith of the 
pine-twig, and here the larva 
may be found. This lump of 
sticky gum, which attains the 
size of a filbert, and in which the 
larva passes the pupal state, has 
been misnamed a gall; but a 
gall is not an exuding juice or gum—it is a distinct 
outgrowth of the cellular structure of the plant. The 
figure on page 1953 gives illustration of the moth, the 
resin-drop, and the pupa. A figure is also given of 
the ichneumon-fly, which seeks the larva with its long 
needle-like ovipositor, and from its eggs emerge the 
grubs which will in due course devour their nest. 

An especial interest attaches to the pea-moth 
(Grapholitha dorsana), whose larva is the so-called 
maggot which attacks green peas. When full fed it 
seeks the earth, and constructs a cell in which to pass 
the pupal stage. These larve also are not averse to 
a provender of dry peas, to which it often causes 
considerable destruction. The moth appears on the 
wing in May. The well-known codlin-moth (G. 
pomonella) takes its name from the circumstance 
that the larva feeds within growing apples, eating, 
however, not so much the flesh as boring into the 
heart and feasting upon the pips. It is rosy red, 
paler beneath, with grey tubercles, each bearing a long 
bristle. This moth flies in June, and conceals itself in 
the daytime in a crevice in the bark, with whose tints 

its grey mottled wings readily assimilate. 
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an Snag aT ae : 
I, PLUME-MOTH ; 2, MOTH; AND 3, NEST OF 
HYPONOMEUTA MALINELLA 


The family of the clothes-moths (Tineid@) is typically 
represented by the lesser clothes-moth (Tvnea 
pellionella), although it must be borne in mind that 
there is not one particular moth which destroys cloth- 
ing, but that the larve of several species are equally 
destructive. T. pellionella is one of the smaller of 
these, whose larvze, of a silky yellow colour, attack all 
kinds of clothing, as well as the upholstery of our furni- 
ture. TJ. tapetzella, a larger species, attacks more 
exclusively furs, skin-rugs, and so forth. In the allied 
corn-moth (7. gvanella) the caterpillar is very destruc- 
tive to corn in granaries, feeding indiscriminately upon 
various kinds of grain. The female lays one or two 
eggs on a single corn-grain, and after the deposition oi 
all the eggs, the bodies of the adults may be found in 
numbers in spider-webs in places which they frequent. 
The presence of the caterpillar may be known by the 
‘‘frass”’? or excrement on the grains. Several grains 
may be spun together, the larva feeding within the 
shelter of the receptacle thus formed. 

Of certain allied spéties there are no English names, 
so that they must be mentioned by their scientific titles. 
Among these, Depressavia nervosa appears on the wing 
from June to September, and 
has reddish grey fore wings 
mottled and streaked with black 
dots. The female lays her eggs 
upon cumin, and the larve soon 
after they emerge spin together 
the flower-heads, feeding on the 
seeds and blossoms. When 
about to enter the pupal state, 
the larva bores its way into the 
centre of the food-plant, gnaws 
out a suitable chamber, closes the 
entrance with a little door of 
silk, and remains safe from the 
attacks of insidious insect foes. 

A familiar moth during June 


and July in English apple- 
orchards is Hyponomeuta 
malinella. The satiny white 
fore wings, with three longi- 


tudinal rows of black dots, render 
it a beautiful and conspicuous 
object as it rests on the apple-tree 
by day, or flies to and fro beneath 
the trees as the evening draws 
on. The female lays her eggs in 
an elongated cluster on an apple- 
twig, and the presence of the larve first becomes 
apparent owing to the silky gauze net with which the 
tiny larve spin the leaves together, enlarging their 
domicile as occasion requires. When full fed, they 
pupate also in the web, so that numbers of tiny pupe 
nestle side by side where the larva were wont to feed. 

Another family. is typified by the genus Coleophora, 
which embraces about seventy species of small moths, 
characterised by their long, narrow wings, margined 
with long delicate fringes, the first joint of the antennae 
often bearing a tuft of hair. The larve live in httle 
cases, in which they pass the winter, turning to the 
pupa in the spring. As an example of the genus, we 
mention the larch-mining moth (C. lavcinella), which isa 
dull-coloured moth, whose larve eat their way into the 
needles at the tip of young larch-trees. The cater- 
pillar is full fed towards the end of May, when it 
spins its little case fast to a larch-needle, and turns 
toa pupawithin. A few weeks later the moth emerges. 

Finally, we have the beautiful plume-moths (Ptero- 
phoride), in which the larve are hairy, and, when 
full fed, suspend themselves by their anal claspers, 
turning to pupe without any covering. The pupe 
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themselves are often hairy also, though many of them 
are quite smooth. The plume-moths, as a family, 
may be recognised by their feathery wings, slender 
bodies, and long spinous legs. 


COLEOPTERA 


The beetles are in general easily distinguished from 
all other insects, and though they seem almost endless 
in their variety, and comprise an immense number of 
distinct specific forms, constitute 
a very well defined order (Coleo- 
ptera). The chief characters 
that serve to distinguish them | 
are briefly as follows. They | 
undergo a complete metamor- | 
phosis. Their mouth—which is | 
fitted for taking in solid food— |} 
is furnished with biting jaws | 
(mandibles), a pair of maxilla 
with palpi, and an undivided or 
very slightly divided lower lip 
(labium), which also bears palpi. | 
The antenne are extremely vari- | 
able in form, but seldom possess | 
more than eleven joints. The 
prothorax is usually large and is 
freely articulated with the follow- 
ing segment (mesothorax), over | 
which it fits behind in sucha 
manner as almost to completely 
cover it on the upper side. 

The fore wings are converted 


EE 


into a pair of stiff, horny struc- 
tures called elytra, which, in a 
state of rest, usually meet by 
their edges in a Straight line 
along the middle of the back, and serve to protect the 
hind wings and the soft hind parts of the body. The 
hind wings are in beetles the only true organs of flight ; 
these are membranous and transparent, provided with 
few nervures, and when not in active use are generally 
folded transversely beneath the elytra. Many beetles 
are without hind wings, and are said to be apterous, 
but it is to be remembered that very few beetles, except 
in the larvalstate,arecompletelyapterous __ 
in the sense of being without both hind | 
wings and elytra. | 

In the wingless species, the elytra are | 
generally well-developed, and frequently | 
fastened -together along the suture where | 
they meet. The presence of elytra, though | 
not exclusively peculiar to beetles, is still 
one of their most characteristic features, 
and affords in most cases a ready means 
of recognising them. Elytra very similar 
to those of some Coleoptera are, however, 
met with among earwigs, and the elytra 
of beetles do not invariably meet in a | 
straight suture. Thus, in the oil-beetles | 
(Meloé) one elytron folds partly over the Sy 
other; while in certain other groups— | 
the Rhipiphorida, for example—the elytra ; 
are of sucha form that they either do not 
meet at all, or only just touch at the 
base, and are sometimes so small and so 
little like the ordinary elytra of beetles that their true 
nature is not at first sight very apparent. 

We have alluded above to the great variety that is 
to be met with among beetles. No insects exhibit 
greater extremes of size, and we find on the one hand 
beetles so small that a pin’s head is large in comparison, 
while on the other we get those giants of their race, 
the elephant and goliath beetles, which are nearly as 


HONEYCOMB-MOTH 
t, larva; 2, wax-moth; 3, pupz; 4, honeycomb 


LARCH-MINING MOTH 


big as a man’s fist, and the still larger titan from 
South America, which is sometimes quite half a foot 
long, and scarcely less broad in proportion. Even within 
the limits of a single species beetles are not always 
of a nearly uniform size, and it is not uncommon to 
find that in certain species some individuals may be very 
much larger than others, frequently two or three times 
as large, and occasionally even as much as five times. 

In their external form beetles also afford the most 
striking contrasts, and the differ- 
ences of form are not confined to 
the general shape, but extend to 
nearly all parts of the body. The 
head, especially, varies to a great 
extent both in its shape and the 
direction which it takes. Ittis 
somewhat ring-like behind, where 
it fits more or less deeply into the 
cavity of the prothorax. The part 
between the eyes and the pro- 
thorax may be as wide as or even 
wider than the rest of the head, 
or may be abruptly or gradually 
narrowed behind to form a sort 
of neck. 

In most beetles this part of the 
head is rather short, butits length 
varies, and there is one remark- 
able species from the Philippines 
which presents a most comical 
appearance owing to the extra- 
ordinary length ofitsneck. This 
species belongs to a group of leat- 
rolling beetles, and doubtless finds 
its long neck extremely useful. 

The fore part of the head 
is most variable in shape, and though generally short, 
is in some bectles quite out of all proportion in its 
length. In the weevils it is prolonged in the form of 
a rostrum or snout, which is sometimes much longer 
than all the rest of the body. What is called the 
“front”? of the head frequently faces upwards, 
being on the same plane, or nearly so, with the 
occiput or posterior part of the upper surface. 

But in many beetles the fore part of 
, the head is bent down, so that the front 
| looks forward, and sometimes even to 
such an extent that the mouth is drawn 
back against the prothorax, and the front 
' of the head looks downward. The lower 
', or anterior part of the front of the head 
_ is called the clypeus, and to this—usually 

by the intervention of a short, flexible 
YZ piece known as the epistome—the upper 

lip (labrum) is attached. 

Running along the middle of the under 
side of the head there is a piece, generally 
marked off by a line on each side, which 
in its posterior part is named the gula, 
and in front the submentum. The sub- 
mentum —sometimes prolonged beyond 
the margin of the head in the form of a 
peduncle—gives attachment to the lower 
lip (labium), which consists of a basal 
piece of variable size and form called the 
mentum, and a terminal part, the ligula. The latter 
usually bears two lobes (the paraglosse) at its extremity, 
while, from its base, known as the hypoglottis, the 
labial palpi arise. 

Between the labrum and labium lie the mandibles 
and maxille. The mandibles are strong biting jaws, 
and are attached to the sides of the head by pivot-like 
joints, which permit only of lateral movements. They 
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are often much larger in the males than in the females, 
and in the males of some forms, such as stag-beetles, 
attain monstrous proportions. Each of the maxille 
consists typically of a stem, composed of two pieces— 
cardo and:stipes—with a four-jointed palp attached 
to the outer and two lobes to the inner side of the 
free end of the stipes. 

Except in the larval state, beetles rarely possess 
those eyes with a single lens which are known as 
ocelli. The compound eyes, on the other hand, are 
generally large and well developed, but vary con- 
siderably in form, and in the size and number of 
their facets. They are often simple in outline, some- 
times slightly notched in front and reniform, or the 
notch may extend more deeply and divide the eye 
into two distinct lobes. Each eye may even be 
completely divided into two parts, more or less widely 
separated from one another, so that some _ beetles 
appear to have four eyes instead of two. This 
appearance is very strongly marked in certain water- 
beetles, in which one part of each eye is on the upper 
and the other on the under side of the head. 

The eyes of some beetles look coarse and granular, 
while in others they appear quite smooth and glassy- 
looking owing to the small size and slight convexity 
of their facets. Among the longicorn beetles it is 
generally found that in the nocturnal species the 
eyes are coarser and more granular than in those 
species which fly during the day, so that the size of 
the facets seems to have some relation with the con- 
ditions of light depending on the habits of the insects. 
But this curious fact does not, so far as we know, 
apply to any other family of beetles. Exceptionally 
also it is found among beetles that the facets in the 
upper part of the eye are different in size from those 
on the lower part. 

The antennz of beetles are scarcely less important 
in their functions than the eyes. They are in most 
cases sensitive to touch, and there is reason to believe 
that these organs are also the chief seat of the senses 
of smell and hearing. They appear 
undera variety of different forms, some > 
of which, while subject to minor modi- 
fication, are pretty constant throughout 
certain large groups of beetles, and thus 
account for the names _ Clavicornia, 
Lamellicornia, and so forth, given these 
groups. 

As avrule, the antenne, no matter 
what their length, are made up of eleven 
joints or segments; but this number 
may be increased, in some cases to thirty 
or forty (as in Rhipicera), and even to as 
many as fifty (in the longicorn genus 
Polyarthron), or 1t may be reduced even 
to so low a number as two (in Platyrho- 
palus). When the joints are more or less 
cylindrical in form, the antenne may be either filiform, 
if of nearly uniform thickness throughout, setaceous 
if they taper towards the extremity, or moniliform if 
each of the joints is short and bead-like. The antennee 
are said to be clavate when thickened at the extremity 
in the form of a knob or club; lamellate when three 
or more of the terminal joints spread out in broad 
processes which lie flat upon one another; serrate 
when the joints have on one side short angular pro- 
cesses like the teeth of a saw; pectinate, or comb-like, 
when the processes are fairly long and stand out 
nearly at right angles; or flabellate if the processes 
are proportionately very long. These are some of the 
chiet types of antenne met with in the Coleoptera ; 
others of less frequent occurrence will be mentioned 
when we come to treat of the different families. 
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The sense ot smell is undoubtedly very acute in a 
ereat many beetles, as anyone acquainted with their 
habits could easily testify; and it is considered 
probable that certain minute pits scattered over the 
surface of the antenne, or crowded together on special 
areas, are in some way connected with this sense. 

Though it is not so easy to prove that beetles can 
hear, it seems hardly open to doubt that in some cases 
at least they possess this faculty. Everyone has 
heard of the death-watch beetle (Anobium), which 
lives in old furniture and woodwork of houses, and 
makes a noise like the ticking of a watch. This httle 
beetle produces the noise by hammering against the 
wood with its head, and apparently does so for the 
purpose of attracting its mate, who replies by making 
a similar tapping sound. It is easy by imitating 
their sounds to get the beetles to answer back; so 
that here at least there is some evidence that these 
insects are endowed with the faculty of hearing. 

Many other beetles are able to make sounds, which, 
though not nearly so intense as the chirping of the 
crickets and grasshoppers, and not usually confined 
to one sex, are produced somewhat after the same 
manner by the friction of one part of the body over 
another. In beetles the sound sometimes arises from 
the rubbing of the hind legs against the edge of the 
elytra, but in most cases it results from the rubbing 
of an edge over an adjacent area which is crossed 
like a file by a number of fine parallel ridges. 

This stridulating area is in some beetles placed on 
the upper side of the back part of the head, or on the 
gular surface underneath, so that when the head 
moves in its socket the upper or lower edge of the 
prothorax, as the case may be, scrapes along the file 
and thus gives rise to the sound. The prothorax of 
beetles is, as we have already stated, freely articulated 
with the mesothorax. Its dorsal arch ‘or pronotum 


ordinarily covers over the whole of the mesonotum, 
with the exception of the small piece known as the 
scutellum ; 


but when the prothorax is bent down a 
considerable part of the mesonotum in 
front of the scutellum comes into view. 
It is on this part that the stridulating 
area of most of the longicorns and of 
some phytophagous beetles (Wegalopine) 
is situated. 

These insects make a sort of squeaking 
noise—which is sometimes fairly loud— 
by rapidly bending the prothorax up 
and down, and so causing its hind edge 
to move backwards and forwards over 
the ribbed surface of the mesonotum. 
In other beetles the stridulating area 
may be either on the upper surface of 
one of the hinder segments of the abdo- 
men or on the sides of one of the anterior 
segments, the sound being produced in 
the one case by the friction of the area against the edge 
of the elytra, in the other by that of the posterior 
thighs against the sides of the abdomen. 

Beetles are among the most active of insects when 
on the ground, and, in accordance with their running 
powers, we find that their legs, though generally slender, 
are strong and well developed. But in certain groups, 
where the habits and environment of the insects 
require it, the legs are adapted to various other 
purposes. Beetles that jump usually owe their leaping 
powers to the greatly thickened femora and straight 
and relatively long tibie of the hind legs. It would, 
however, be a mistake to suppose that when a beetle 
has thickened and strongly developed hind legs it 
must consequently be able to jump. Some burrowing 
species, and others that are not very active in thei; 
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movements, have very thick hind legs; though, as 
a rule, it is the front pair of legs which is thickened 
and otherwise modified to serve as digging organs in 
those beetles that burrow underground. 

_In aquatic beetles the swimming legs are disposed 
like oars, and have all their parts broad and flat, 
while their breadth is further increased by rows of 
bristles. Either the hind legs only, which is the rule, 
or the middle pair also, as in the whirligig beetles 
(Gyrinide), may be thus transformed into swimming 
organs. The coxe, or basal joints of the legs, vary 
much in shape and in the mode in which they are 
inserted in their sockets on the under side of the 
thorax. Those of each pair are sometimes close 
hOSet hier, 
times widely sepa- 
rated from another, 
while a longer or 
shorter distance 
may intervene be- 
tween the coxe of 
the different pairs 
of legs, and espe- 
cially between 
those ot the two 
hinder pairs. 

Considerable im- 
portance attaches 
to the number of 
joints in the tarsi 
or feet. In classi- 
fying beetles this 
number is one of : : : 
the first things to : 
DemmoLicedas if “a, 
beetle has five joints 
in each of its tarsi, it is placed in that section of the 
order which is known as the Pentamera ; if it appears 
to have only four joints in each foot, it belongs to the 
Tetramera ; and if but three, to the Trimera. When 
there are five joints in each of the four anterior feet, 
and only four in the hind feet, the beetle may be 
regarded as one of the Heteromera. 

To these general rules there are a few exceptions, 
which need not be discussed here; but we must 
point out that, although in the Tetramera the 
tarsi appear to be four-jointed, and in the Trimera 
three-jointed, they are really composed of five joints 
and four respectively. The fourth joint in the one 
case, and the third in the other, are, however, usually 
so small as not to be noticed except upon very close 
examination. 

The abdomen is never stalked in beetles, but attached 
to the thorax by a broad base, which is applied against 
the posterior coxe; exceptionally, however, as in 
certain mimicking species, its base may be more or* 
less narrowed. It is generally somewhat flattened in 
shape, and on the upper side eight segments are 
usually distinguishable, which, so far as protected by 
the elytra, have a soft and but slightly horny integu- 
ment. Five or six segments are generally visible on 
the ventral side, but in certain cases the number 
may be reduced, The terminal segments are usually 
retracted within the abdomen, and completely hidden 
from view; but in the females of many species they 
can be exserted in the form of a tubular ovipositor, 
which enables the insect to lay its eggs deep in the 
crevices of bark. 

Although beetles do not always exhibit differences in 
external form by which the sexes may be distinguished, 
such differences frequently exist, and are sometimes of 
the most pronounced character. Asa rule, the male is 
more slenderly built than the female, and has longer 
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1, Carabus nemoralis; 2, Calosoma sycophanta ; 3, Carabus auratus, and 4, its larva 


and more fully developed antenne ; his eyes also are 
often larger, and in the length and shape of the legs, 
and in the width and structure of the tarsi, differences 
in the two sexes are frequently to be noticed. When the 
male is fully equipped for flying, the female may be with- 
out wings, or even, as in the case of a glow-worm, without 
elytra ; and whenever there is any decided difference 
in coloration, it is almost invariably the male which 
displays the brightest and most conspicuous colours. 

The great projecting horns and processes on the head 
or prothorax, which give so grotesque an appearance to 
many beetles, are generally wanting or only feebly 
developed in the females; and these and other 
differences are sometimes so strongly marked that it is 
difficult to recognise 
in the two sexes in- 
dividuals of one and 
the same species. 

The larvee of bee- 
tles do not in out- 
ward appearance 
exhibit anything 
approaching the 
great diversity seen 
in the perfect in- 
sects. They seldom 
display conspicuous 
markings, and are 
mostly of dingy 
white, brownish, or 
black colours. The 
external structure 
and form vary 
sufficiently to make 
it possible to tell 
to what family, or 
division of a family, alarva belongs; but, so far as species 
are concerned, our knowledge of the larve is extremely 
limited, and applies toa relatively very small proportion 
of the whole number of known species of Coleoptera. 

In the weevils, and some other beetles, the larve are 
soft white grubs with scarcely any trace of legs, but in 
most of the other larve the legs are fairly well deve- 
loped, though not so completely as in the perfect insects. 
The head is always horny, and furnished with jaws for 
biting and grinding solid food. Exceptionally, as in 
the carnivorous larve of some water-beetles, the mandi- 
bles are adapted for sucking up the juices of the animals 
on which these larve prey. The antenne are short and 
few-jointed, and in some cases quite inconspicuous. 
Eyes, when present, are always in the form of ocelli, 
which are grouped together in varying number on each 
side of the head. : 

The head is followed by a series of rings or segments, 
of which the first three—scarcely different in form from 
the rest—constitute the thorax, and give attachment to 
the legs. A pair of pro-legs is sometimes present on 
the last segment, but in beetle-larve the intermediate 
segments never carry those false legs, which are so 
often found in the caterpillars of Lepidoptera and 
Hymenoptera. The spiracles—which are mostly hidden 
by the elytra in the perfect insects—are generally quite 
conspicuous in the larve, and appear as a row on each 
side of the body. Their number varies ; and in those 
aquatic larve which breathe by means of tracheal gills 
they are altogether wanting. When about to pupate, 
some larvze construct cocoons of earth, or, in the case 
of wood-boring species, they may make a shell out of 
fine chips and dust glued together with a sticky secre- 
tion. The pup, whether enclosed in a cocoon or not, 
are inactive, and show all their appendages lying freely 
against the body, with each appendage wrapped round 
by its own special covering of integument. 
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The larval existence of beetles varies from five or six 
weeks in some groups to almost as many years in others ; 
and when conditions arise to interfere with the proper 
nourishment of the larve, the period may be unduly 
prolonged. Some of the wood-boring larve seem to 
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TIGER-BEETLES 
Cicindela hybrida, with larva and pupa; Collyris longicollis 

live an exceptionally long time. There was, some time 
ago, in the Natural History Museum in London a block 
of wood containing a living longicorn larva, which for 
about five or six years had been feeding and burrowing 
in the wood. The larva was brought to the museum in 
a boot-tree, which its owner previously had in constant 
use for over fourteen years. Other cases 
are on record in which beetles have been 
seen to emerge from furniture in houses, 
after having apparently passed an even 
more prolonged larval existence. 

Beetles, whether from the extent of 
their numbers or the variety of their 
Shapes and instincts, are well qualified 
to play an important part in the economy 
of Nature. Their chief function is that 
of universal scavengers. Not only do 
they dispose of the smaller quantities of 
dead and decaying animal and vegetable matter passed 
over by larger animals, but, by their own peculiar 
methods, they are enabled to attack and clear away 
even the carcases of quadrupeds of large size, and the 
dead trunks of the largest trees. Owing to the compact- 
ness of their shape and the solidity of their outer cover- 
ing, they are adapted for a much greater diversity in 
modes of life than is possible for insects of other orders. 

Besides groups fitted to act as scavengers, we find 
further series of forms that live in, and prey upon, 
all kinds of plant life. There are groups, again, either 
of terrestrial, arboreal, or aquatic habits, which seek 
for, and prey upon, living animals of the smaller kinds. 
Some beetles live within the depths of the darkest 
caverns ; and in such cases, having no use for eyes, they 
are generally blind. Others are to be found dwelling 
as “ guests ’’ in the homes of the ants and termites. 

Although the beetles cannot boast of such a long line 
of ancestry as the cockroaches and other Orthoptera, 
yet their records go back to an early period in geological 
history. There is no certain evidence that they existed 
in Paleozoic times, and their first appearance has not 
been traced farther back than the beginning of the 
Secondary epoch. The earliest undoubted fossil 
remains of Coleoptera occur in the Swiss Trias, and 
from this period onwards fossil beetles are to be met 
with in greater or less abundance in rocks of different 
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thousands of specimens have been collected. Of the 
beetles now existing, over one hundred and _ thirty 
thousand different species have been described, and 
as new species are being yearly added to the list ata 
rapid rate, it is probable that the number of named 
species will eventually reach 150,000 Or even 200,000. 


PENTAMERA 


Beetles in which all the tarsi are five-jointed are 
classified in the section Pentamera. In this group there 
comes first a great tribe of beetles, which, on account of 
their carnivorous tastes and predaceous habits, are 
known as the Adephaga. Their whole organisation 
seems well adapted to enable them to capture and 
devour their prey, and it isin the modifications directed 
to this end that some of the chief distinguishing 
characters of the tribe are to be found. Their legs are 
fitted for speedy locomotion, and their jaws for the 
cutting and tearing operations to which they are usually 
applied. The mandibles are acutely pointed, and have 
sharp cutting edges;-and the inner lobes of the 
maxille are hard and hooked at the end. The outer 
lobes of the maxille are two-jointed and slender, and 
resemble palpi, which explains the fact that these 
beetles are often described as having three pairs of 
palpi. The antenne are usually simple, and never 
clubbed. The tribe is divided into the Geodephaga and 
Hydradephaga, one subtribe containing terrestrial, the 
other aquatic forms. 


TIGER-BEETLES 
The (icindelide consist of about one thousand known 
species, which are distributed throughout 
the world, but are much more abundant 
in tropical than in temperate or cold 
countries. In Europe two genera only 
are represented—Tetracha, which com- 
prises nocturnal and_ twilight-loving 
species, and Cicindela, whose species are 
found in the hottest and sunniest places. 
The tiger-beetles are extremely’ pretty 
insects of remarkably active habits, and 
exhibit the predaceous type of structure 
to perfection. Besides possessing great 
speed of foot, most of them make ready use of their 
wings, and they are further characterised by large and 
prominent eyes, and mouths well adapted for seizing 
and holding their prey, the mandibles being long and 
provided with a number of sharp teeth, while the inner 
lobe of the maxille is furnished with a movable claw or 
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hook at the tip. The fact that this hook is movable, 
and not firmly fixed to the blade of the maxille, affords 
a means of distinguishing the tiger-beetles from all the 
other beetles of the tribe Adephaga. 


ages. They are especially well preserved in amber ; 
and from the Tertiary amber-beds on the Baltic More than half of all the known species of the family 
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belong to the single 
genus Cvcindela, and 
this is the only genus 
which is cosmopolitan. 
With the exception of 
a few species of an 
almost entirely ivory- 
white colour, the 
Cicindelide exhibit 
greenish, bronzy, or 
darker metallic tints, 
frequently varied with 
white or pale yellow 
spots and bands, which 
in the case of a great 
many species run to- 
gether to form more 
or less intricate and 
pretty patterns. 

While their shape 
is usually such as is 
shown in the figure 
of C. hybrida, we get, 
on the other hand, 
remarkable exotic he 
forms, in which the — : a ae 
body is narrow and 
elongated, and broad- 
est towards the hinder 
end. Collyris and other genera of the various Oriental 
countries—where the species are found pursuing their 
prey on the trees in the forests—afford examples of this 
type. From its great resemblance in colour and form 
to Collybris, a rare and curious longicorn beetle, found 
in the same localities, has been named Collyrodes ; 
and beetles of the family Cicindelidg are amongst those 
most frequently mimicked by other beetles. 


GROUND-BEETLES 


In external structure the carnivorous ground-beetles 
(Carabidg) approach the Cicindelide, from which they 
may in most cases be distinguished by their general 
shape, as well as by the fact that they never 
exhibit the coloration and markings charac- 
teristic of that family. Other points of 
difference may be seen in their less prominent 
eyes, in the absence of an articulation in the 
hook of the maxille, and in the shape of 
the mandibles, which, though occasionally 
long, do not exhibit the slender curved form 
and sharp dentition met with in the tiger- 
beetles. 

The number of species of Cavabide at present 
known can scarcely be less than eleven thou- 
sand. This family seems better represented in 
temperate and colder regions than within the 
tropics, though species, in more or less abund- 
ance, are to be found in every country and island 
of the world. Whilst the species are almost all 
predaceous in their habits, we find them under a 
variety of different forms and with several distinct 
peculiarities of structure, many of which are to be 
regarded as special adaptations. 

The Carabida, like all other beetles, have their enemies, 
but we never find mimetic and protective disguises ; 
and to escape from their enemies the ground-beetles 
have mostly to rely upon their speed of foot, or the 
readiness with which they can take flight or disappear 
amongst the herbage. Many species are, however, 
provided with anal glands that secrete an acrid or 
stinging liquid, which is sometimes ejected with con- 
siderable force when the insect is handled. 


GROUND-BEETLES 


Si os i —— 
CARNIVOROUS WATER-BEETLES 


Dytiscus marginalis—r, male; 2, female; 3. eggs; 4, pupa; 5, larva attacking a tadpole; 6, Hydrocharis caraboides ; 
7, its larva; 8, Acilius sulcatus. female 
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In the “ bombardier beetle’’ (Brachinus cyepitans) 
and others of the same group, the secretion is volati- 
lised on emission, and issues as a little cloud of smoke, 
which is accompanied at each discharge by a slight 
sound; and when the insect is irritated it repeats 
the discharge several times in succession, but each 
time with diminished force. The ‘‘ bombardier”’ 
is a rusty-red species, with dull blue-black elytra, and a 
narrow head and prothorax, and is pretty common, 
especially on chalk, in different parts of the south and 
south-east coasts of England. 

Among those species of the family that in habits 
and general appearance most closely resemble the 
Cicindelide are the little beetles of the genus Elaphrus. 
These love to run about in the rays of the sun, 
not so much in dry places as on the muddy 
banks of rivers, on the sands of the seashore, 
and in other damp situations. They have large 
prominent eyes, a narrow prothorax, slender 
legs, and curiously marked elytra This genus 
is confined to the Northern Hemisphere. The 
species which is figured (Elaphrus riparius), 
like some other beetles of the family, is able 
to produce a stridulating noise by rubbing 
the back of its abdomen against a projecting 
nervure on the under side of the elytra. Those 
tiny little beetles of a glistening bronzy-black 
appearance, and with beautifully sculptured 
elytra, which are to be seen on almost any 
bright day in the spring or summer, running quickly over 
garden beds or paths, belong to the genus Notiophilus. 

The genus Carabus, after which the family is named, 
contains over three hundred species, and is somewhat 
remarkable in its distribution ; for, with the exception 
of a small group of species found in Southern Chili, it 
is restricted. in its range to the North Temperate zone. 
Six or seven species are found in Britain; Carabus 
violaceus and C. nemoralis are perhaps the two most 
frequently met with. The first is nearly smooth, 
of a dull blue-black colour, with purplish borders 
to the thorax and elytra, and is of about the 
same size aS C. nemoralis (represented in the figure 
on page 1957). The latter has a purplish thorax and 
bronzy elytra, marked with a few rows of conspicuous 


1959 


Hie Se ee igi aks PIS ORY. 


: Pin sm 
* 


eae 


SC 


iv 


BRITISH ROVE -BEETLES 


1, the devil’s coach-horse (Ocypus olens); 2, Staphylinus pubescens; 3, 


5, Paederus riparius ; 


punctures. Another species which is figured on page 
1957, C. auratus, is very rare in England and doubttully 
indigenous, but in France it is common and does much 
service by destroying the cockchafers and their grubs. 

The genus Calosoma approaches Carabus in many of 
its characters. but may be easily distinguished by its 
shorter, broader, and more rounded prothorax, 
and the greater relative width of the elytra. \ 
Calosoma inguisitoy, though rare and found only 
in parts of England, may be regarded as a true 
British species; but the species figured on 
page 1957 (C. sycophanta) is only an occasional 
visitant to this country. 

The Cavabide as a whole, though sufficiently 
varied in their external structure, do not exhibit 
any very unusual or striking peculiarities of 
form, and the species already considered, with 
a few more presently to follow, may be taken as 
typical of the commoner forms met with 
throughout the family. In the genus Moymolyce we 
have, “how ever, a remarkable exception. 

The species of this strange genus—three in number, 
and all very much alike—have been found in Java, 
Sumatra, ard other East Indian islands. They are of 
pitchy-brown colour, and have the body much flattened 
and the head slightly elongated, while their antennz 
are also very long : but, as will be seen from the figure, 
the chief peculiarity in the appearance of these extra- 
ordinary insects is due to the great lateral expansions 
of the borders of the elytra, and the curious manner 
in which these expansions are prolonged behind. M/. 
phyllodes, the best-known species, occurs in Java, 
Borneo, and the Malay Peninsula; and the people of 
Java, struck, no doubt, by its peculiar shape, call it 
‘the violin.’ Some of the largest individuals of the 
species are nearly three and a half inches long, and 
measure more than an inch and a half across the 
broadest part of the elytra. 

We have alluded in the introduction to the burrowing 
habits of some of the Cavabide. The Scaritine are a 
group that possess such habits, and the figure on page 
1959 of Scarites gigas will give an idea of the general 
form characteristic of nez irly all the species of the j group 
The genus Scarites comprises a large number of species, 
all of a uniform black colour, and most of them of a 
moderate size. They make their burrows in the banks 
of streams, the seashore, or other suitable places, and 
rarely leave them during the day, lying in wait for 
their victims at the mouth of the holes. 

The genus Zabrus, which we have next to notice 
forms, so far as its habits are concerned, one of those 
exceptions that go to prove the rule. For, while it is 
true that almost “all the Cavabide are carnivorous and 


Philonthus zneus}; 
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WHIRLIGIG- 
BEETLE 


predaceous insects, some 
at least of the species of 
Zabrus and a few others are 
largely, though probably 
not wholly, addicted to a 
vegetable diet. The species 
(Zabrus gibbus) figured on 
page 1956 livesin cornfields, 
and has at different times 
committed great havoc 
among crops—wheat, bar- 
ley—trye, in various parts 
of Germany and Italy. 


CARNIVOROUS WATER- 
BEETLES 


The Dytiscide, or carni- 
vorous water-beetles,resem- 
ble the Cavabide in many 
of their structural features, 
and differ chiefly in the modifications undergone to fit 
them to anaquatic modesf life. Thus we find, as in the 
latter family, the mentum is usually broad and deeply 
emarginate in front, the outer lobe of the maxille is 
two-jointed and palpiform, the antenne are moderately 
long and slender, and the trochanters of the hind legs 
are prominent. 

On the other hand, the antenne are always 
smooth ; the head is broad and fits deeply into 
the prothorax, while the latter is applied by a 
broad base against the elytra, so that the out- 
line of the body is continuous and the general 
shape more or less oval; the hind legs, which, 
with their tibiz and tarsi flattened and furnished 
with rows of bristles, are adapted to serve as 
oars in swimming, are somewhat longer than 
the other legs, and come off from the body at 
a considerable distance behind them, while their 
coxe appear as broad, flat plates firmly joined 
to the metasternum, for parts of which they might 
at first sight be very readily mistaken. 

The males may be distinguished from the females by 
the shape of their fore tarsi, in which the first three 
joints are strongly dilated, and furnished underneath 
with sucker-like hairs ; while in this sex also the back 
is generally smooth and glossy, the elytra of the females 
frequently have a ribbed or corrugated surface. 


4, Oxyperus rufus ; 


The Dytiscide seem especially fond of stagnant 
waters, and some of the species are common objects 
in our ponds and ditches. They come to the surface 


when it is necessary to take in a fresh supply of air 
beneath the elytra. These organs fit very closely 
against the sides of the body, and so prev ent the air 
from escaping while the beetle is sw imming about under 
the water; but the air meanwhile is being used up in 
breathing by means of the thoracic and abdominal 
spiracles. The beetles fly strongly, and on fine summer 
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ROVE-BEETLES 


evenings may sometimes be 
seen winging their way to new 
quarters, a change which is 
often necessitated by the dry- 
ing up of the pools in which 
they had _ previously been 
living. The large brown water- 
beetle Dytiscus marginalis is 
one of the commonest British 
species Another common species 
Acilius sulcatus, is also repre- 
sented in the figure on page 
1959. 


WHIRLIGIG-BEETLES 

The Gyrinide, or whirligig 
beetles, are a small but very 
well-defined group, and in 
many points of structure are 
_Sharply distinguished from the 

other families of the tribe Ade- 
phaga. In their oval shapes they 
resemble the Dytiscid@, though 
they are usually somewhat flatter 
below and a little more convex 
on the upper side. But in the 
relative proportions of the 
three pairs of legs they are 
entirely different. The fore legs 
are long and slender, and when 
stretched out look lke arms, 
whereas the two hinder pairs are short and broad 
being modified for use as paddles in swimming. 

Another very distinctive feature is presented by the 
eyes, each of which is divided by a ridge on the side of 
the head. These beetles appear, in consequence, to 
have four eyes ; one pair, as it is said, though there is 
no proof of the fact, for espying objects above them, 
the other for looking at things in the water below. 
From the Dytiscide and Carvabide they differ further 
in having their antenne shorter than the head, and the 
outer lobe of the maxille either completely atrophied 
or else in the form of a slender spine. 

The Gyvinid@g, though widely distributed and repre- 
sented in almost all parts of the world, include altogether 
rather less than three hundred known species. The 


genera are few in number, and two only occur in Europe. 
“Some of the British species, such as Gyvinus natator, 
are commonly to be seen in ponds and canals or 
“holes” in reedy, sluggish streams, where the shiny 
little beetles attract attention by the ease and rapidity. 


SILPHA ATRATA AND LARVA 


BURYING BEETLES 


of the water, performing a variety of intricate evolu- 
tions, some sweeping along in graceful curves, others 
going round in circles or spiral tracks, now all collecting 
together in groups, and then, if startled, suddenly 
darting off with amazing speed in every direction. 


JROVE-BEETLES : 

The next beetles we have to consider are those which, 
on account of their abbreviated wing-cases, are known 
as the Brachyelytra. This tiibe, to which, however, 
not all beetles with short elytra belong, contains a 
single very large family—the Staphylinide. Owing 
to the shortness of their elytra, and the usually narrow 
and elongated form of their bodies, the rove-beetles 
have an easily recognised and characteristic appearance. 
The head is generally large and flat, with a narrow 
neck behind where it fits into the prothorax. The 
antenne—composed of eleven or occasionally twelve 
joints—are usually filiform, but are often slightly 
thickened towards the extremity, and in some cases 
end in a distinct club. 

Though prominent and conspicuous in a few genera, 
the eyes are, as a rule, raised but very little above 
the general surface of the head. It is interesting to 
note that ocelli, which are of such rare occurrence 
in adult beetles, are to be found in certain groups. of 
this family; two ocelli being present in Homalium 
and its allies, and a single ocellus in the genus Phi/@o- 
bium. The mandibles vary in form according to the 
habits of the species; they are usually strong, often 
sharply curved and pointed at the end, and of a dis- 
tinctly carnivorous type. Attached to the base and 
running a little way alongside the inner margin of each 
mandible, there is to be seen in many species a narrow 
flexible plate fringed, or not, with hairs at the end. 
This piece, first made known by Kirby, who called 
it the prostheca, is rarely met with except in the Staphy- 
linidde. The ligula is narrow, and bears distinctive 
paraglosse ; and the outer lobe of the maxilla is never 
palpiform. 

The rove-beetles are for the most part carnivorous, 
and prey upon all kinds of larve and other insects, as 
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well as upon slugs, snails, and worms, but they feed 
largely on carrion, and to some degree on vegetable 
matter. Several species live in fungi, some in flowers, 
others under bark and in rotten wood, while in the case 
of certain genera, such as Lomechusa and Atemeles, 
the species are to be sought for in or about ants’ nests. 
'Some of these latter species are welcome guests, since, 
like the aphides, they secrete a liquid which is eagerly 
swallowed by the ants; others may possibly act as 
scavengers. Among the species of the genera 
Spirachtha and Corotoca, which live with the termites 
in South America, some are very remarkable from the 
fact that the females give birth to living young. 

Many of the British species of beetles belong to this 
family. Everyone has seen the devil’s coach-horse, 
that long, black, ugly-looking, but useful, insect which 
is to be found under stones and earth, or roving about 
in gardens, and which, when you attempt to stay its 
progress by pointing with a stick or finger, stands with 
threatening jaws and upturned tail as if ready to accept 
the challenge. This species, which, with a few others, 
is figured on page 1960, is scientifically known as 
Ocypus olens, and is one of the largest rove-beetles. 


CLUB-HORNED BEETLES 

We now come to a series of small families, forming 
the group known as the Clavicornia, or Necrophaga. 
This group, however, rests on no true scientific basis, 
and is more or less artificial in its character. Most 
of the species included in the group feed upon decaying 
animal or vegetable matter, hence the name Necrophaga. 
The antenne exhibit in general a tendency to be thick- 
ened towards the tip, and in many cases the last three 
joints form a distinct club ; but in some of the families 
antenne of quite another shape are to be found. 
Though usually five-jointed, the tarsi display much 
variation in the number of their joints. 

The family of the Paussid@ includes probably less 
than two hundred known species, the majority of which 
have been discovered in the tropics of Asia and Africa, 
though one species (Paussus faviert) occurs in the south- 
west of Europe. They are mostly reddish-brown insects 
of rather small size, oblong form, and in general ap- 
pearance little attractive, were it not for the extra- 
ordinary shapes of their antenne. These organs are 
generally very broad and flat, in some species resembling 
a paper-knife in shape; the number of joints varies 
from ten to two, and the last joint frequently has a 
bulbous or discoidal form. So far as at present known, 
all the species live in ants’ nests, and, unless sought for 
in these situations, they are rarely seen except at night, 
when they occasionally fly into rooms. 

The tiny beetles belonging to the Pselaphide resemble 
the Paussid@ in exhibiting certain anomalies in their 
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structure, and their lives are passed in similar obscure 
situations. But while the Paussid@ may possibly 
be related to the Carabide, the very short elytra of 
the Pselaphide and the entirely horny nature of the 
dorsal plates of the abdomen seem to indicate an affinity 
with the Staphylinide. In other points of structure, 
however, these two families are different. In the 
Pselaphide@ the lobes of the maxille are soft and mem- 
branous ; and the abdomen, which in one group (the 
Clavigerine) is composed of five segments, with the 
basal rings fused together, is quite incapable of the 
movements so characteristic of the rove-beetles. 
The joints of the antennz vary in number from eleven 
to six, or even two, and are in most cases clubbed at 
the end. While in one division of the family the palpi 
are usually composed of three or four joints, and are 
long and conspicuous, in the other they are one-jointed 
and scarcely visible. The tarsi are three-jointed, 
the first and second joints often very short, while 
the third is long and often bears only a single claw. 
The Pselaphide are.distributed throughout most 
parts of the world. They are to be found under stones, 
moss, dead leaves, and other vegetable refuse, as well 
as under the bark of trees and in damp marshy situa- 
tions; but the most interesting species are those 
which live in ants’ nests. They are all of small size. 
The genus Claviger, comprising about eighteen European 
and one or two Asiatic species, has six-jointed antenne, 
and is further remarkable for the fact that the long, 
cylindrical head is entirely devoid of eyes. The best- 
known species, C. testaceus,is in Britain met with 


chiefly in the nests of the common yellow ant (Lastus 
flavus), though on the Continent it is found also in 
It is about a tenth of an 


the nests of other species. 
inch long, yellowish brown 
in colour, wingless, with the 
elytra fused together, and 
with a deep impression on 
the base of the abdomen. 

The relation between 
the ants and their guests 
is of a most interesting 
character. Whenever an 
ant meets one of these 
guests in a gallery of the 
nest, it gently touches and 
caresses it with its anten- 
ne, and while the beetle 
responds in a_ similar 
manner, the ant sucks at 
the tufts of hair near the 
end of the beetle’s elytra, 
and then licks the whole 
anterior surface of the 
back of its abdomen. The 
ants feed the beetles. in 
very much the same way 
as they feed their larve. 
When the beetle is hungry 
it expresses its.desire to be 
fed by licking an ant near 
the mouth, and occasion- 
ally stroking the sides of 
its head with gentle move- 
ments ofits antenne. The 
attention bestowed by the 
ants on the beetles is as 
great as that which they 
give to their own larve, 
and they frequently feed 
the hungry ones among 
them before looking after 
their own brood. 
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BURYING-BEETLES & ALLIES 


The orange-banded bury- 
ing-beetles of the genus 
Necrophorus are probably 
the best-known members of 
the Silphide, though they 
are not to be considered the 
most representative, either 
in habits, size, or general 
appearance. The many 
genera of which the family 
is composed differ greatly 
in size and outward form, 
while the burying instinct 
is almost entirely confined 
to the genus Necrophorus. 
Innearly all cases, however, 
the antenne, consisting 
usually of eleven joints, 
are thickened towards the 
tip or furnished with a dis- 
tinct club ; the prothorax 
is usually broad and fiat, 
with sharply defined lateral 
margins, while the elytra 
frequently do not reach the 
tip of the abdomen; the 
coxe of the four anterior 
legs are large, prominent, 
and conical in shape; and 
the tarsi are usually five-jointed, though occasionally 
with a less number of joints. 

The carrion-beetles are widely distributed, though 
chiefly characteristic of the colder and temperate 
zones. In the genus Necrophorus the antenne terminate 
in an almost globular, four-jointed mass; the body is 
broadest across the ends of the elytra, which are 
abruptly truncated, leaving the tip of the abdomen 
exposed. The species of this genus are black in colour, 
but in most of them the elytra are crossed by two 
broad orange bands. They feed upon dead animals 
of all kinds, and their habit of burying the smaller 
carcases, such as those of mice, moles, small birds, etc., 
has gained for them the name of “‘ sexton.”’ or “ bury- 
ing ”’ beetles. 

Their mode of operation is to creep underneath 
and dig the earth away until they have made a 
hole big enough to receive the dead body; as the 
latter sinks the loose soil closes over it, and in time 
completely hides it from view. The females then 
lay their eggs in the carcase, which subsequently 
serves as food for the larve. These iusects must have 
a very acute sense of smell, for in a very short time 
‘after a mole has been killed some of them may be seen 
hovering over the body, although not previously 
observed anywhere in the vicinity. ; 

Out of about a dozen species of Necyophorus occurring 
in Europe, seven are found in Britain, N : vespillo 
being perhaps the one which is most widely distributed. 
Most of the species of the genus Silpha—from which 
the family name is derived—are dark, sombre-looking 
insects, somewhat ovate in shape, the prothorax 
being broad and closely applied to the base of the 
elytra, while the elytra usually extend to the tip of 
the abdomen. The head is small, and when turned down 
is hidden under the pronotum. ; 

The beetles themselves are generally met with 
in or about dead animals, but some of the species 
display a partiality for a vegetable diet; thus in 
France the adult Silpha reticulata has been found to 
attack wheat, while S. nigrita devours strawberries 
in the Alps and Pyrenees. The larve of most of the 


GREAT BLACK WATER-BEETLES 
1, larva; 2, male; 3, female with egg-cocoon 


species are somewhat like wood-lice in shape, with the 
posterior angles of the abdominal segments sharply 
produced. Those of S. opaca and S. atvata are some- 
times very destructive to the leaves of sugar-beet and 
mangold-wurzel. 


HAIRY-WINGED BEETLES 


The Tvichopterygide, or hairy-winged beetles, are 
exceedingly minute insects, the smallest, in fact, of 
all the beetles, many of the species being less than the 
fiftieth part of an inch in length. They are further 
remarkable on account of the structure of their wings. 
These organs are very long and narrow, each consisting 
of a strip of membrane attached to a horny stalk, and 
fringed on each side with long and closely-set hairs. 


HISTERIDS 


The Aistevride form a well-defined family, widely 
distributed, and numbering considerably more than 
twelve hundred species. In colour they offer little 
variety, being mostly either black, dark blue, or green, 
the elytra being occasionally spotted with red or 
yellow. They are compactly oval or oblong-oval in 
form, and nearly always present a highly polished 
appearance. The antenne are short, with a long 
basal joint and a very distinct terminal club, and as a 
rule are capable of being turned back into grooves 
beneath the thorax. The elytra are truncate at the 
tips, leaving the last two segments of the abdomen 
exposed; they are generally marked with a series of 
finely impressed longitudinal lines, the number and 
disposition of which afford useful characters in dis- 
tinguishing between the different species of a genus. 
In the division of the family to which Histey belongs, 
the prosternum is produced in front, forming a promi- 
nent “‘chin-piece ’’ which serves to protect the lower 
part of the head when the latter is retracted. In 
Saprinus the “ chin-piece”’ is wanting. 


NITIDULID/AZ 


The Nitidulid@ have some resemblance in external 
form to the Histeyid@, though they are generally of 
smaller size, with their integuments less hard, and 
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their colours a little more varied. The elytra are 
slightly truncate behind, leaving a variable number of 
the segments of the abdomen exposed. The antennc 
are eleven-jointed or, exceptionally, ten-jointed, with 
the last two or three joints forming a knob; the 
maxille have, as a rule, buta 
single lobe, and the tarsi are 
five-jointed, though in a _ few 
genera the males, at least, have 
only four joints in the posterior 
tarsi. Many of the species are 
found feeding and breeding in 
decaying vegetable or animal 
substances, such as rotten wood, 
bark, fungi, and in carcases or 
bones; some frequent the exud- 
ing sap of trees; while a very 
large number are to be seen 
on flowers, among which are 
the brightly “coloured little 
beetles of the genus Meligethes. 
The species figured (MW. @neus) is one of the com- 
monest, and met with chiefly on the flowers or leaves of 
cruciferous plants. In Germany these little beetles are 
well known, on account of the depredations they 
commit on crops of rape. A few days after — 
emerging from their winter sleep, the beetles 
lay their eggs in the buds. In about a 
fortnight the larve are hatched, and proceed 
to feed on the undeveloped or full-blown 
flowers; while later on they attack the 
young pods, to which they do more damage 
than the beetles themselves. ; 


RASPBERRY BEETLE 

The small family Byturide may also be 
mentioned here. The genus Byturus con- 
tains only four or five known species, which 
are confined to Europe and North America, 
and one of which is familiar to gardeners 
and others as the “raspberry beetle.’’ This 
species (B. tomentosus) is somewhat oblong. in form, 
from an eighth to a sixth of an inch in length, of a 
dirty yellowish colour, and covered with a yellow down. 
Though found on flowers of many different kinds, it is 
especially common on 
raspberry blossoms, and 
the cylindrical brownish 
larve sometimes do much 
damage to the flowers and 
fruit. 


MUSEUM-BEETLE & ALLIES 

The Dermestide have a 
special interest, owing to 
the destructive habits of 
many of the species. The 
beetles themselves are <=» 
small in size, oblong or 
oval in shape, sometimes 
nearly round, and usually 
clothed with fine, closely 
lying hairs or scales, which 
frequently give rise to 
greyish or yellowish spots 
or bands on the elytra. 
The front of the head, 
except in the genus Der- 
mestes, bears a_ single 
ocellus; the short antenne, consisting usually of eleven 
joints, are clubbed at the end ; the abdomen is entirely 
covered over above by the elytra; and the tarsi are 
always five-jointed. 

While certain species are met with only on flowers, the 


SCARAB/ZEUS VARIOLOSUS 


SCARABZEUS SACER 


DUMBLE-DORS, OR SHARD-BORN BEETLES 


majority live in dried animal matter—furs, skins, and 
the like, as well as articles of food, such as bacon 
and cheese. The perfect insects do comparatively 
little damage, the real depredators being the larve, 
including those of many species which in the adult 
state frequent flowers. The 
larve are little hairy creatures 
of a dark colour, looking like 
small caterpillars, with the hairs 
sticking out straight and arranged 
more or less in tufts or bundles. 

The larve of Anthrenus muse@- 
ovum, the so-called museum- 
beetle, have to be carefully 
guarded against in museums, as 
they are very destructive to 
zoological collections, and more 
especially to those of dried 
insects. <Attagenus pellio is 
another very common species of 
this family, usually found in 
houses, and well known on account of the ravages of 
its larva in natural history collections, furs, hair-stuffed 
couches, and so forth. The larva is of a brown or red- 
brown colour above, and covered with long hairs pointing 
backwards; it is broader in front, and 
tapers towards the hinder end, where it 
carries a tail-tuft of very long hairs. 

WATER-BEETLES 

In the Hydvophilide the antennz are 
short, and composed of from six to nine 
joints, of which the first is relatively long, 
and the last three or so thickened in the 
form of a club; the mentum is a large 
shield-like plate without a notch in front; 
the lobes of the maxille are not toothed, 
and the palpi are long and slender, fre- 
quently much longer and more conspicuous 
than the antenne. These characters afford 
a ready means of distinguishing these 
herbivorous water-beetles from the carnivorous water- 
beetles, to which in general shape many of them bear 
a close resemblance. The great length of the maxillary 
palpi has given rise to the name Palpicornes, by which 
the family was. formerly 
known. : 

In the perfect state, all 
the members of the family 
feed upon vegetable 
matter; but it is only 
those of the subfamily 
Hydrophiline —of which 
the. great water-beetle, 
Hydvophilus piceus, may 
be taken as the type— 
that are truly aquatic in 
their habits; the second 
subfamily, the Spheri- 
diine, though including 
certain marsh-frequenting 
species, is composed mainly 
of land-insects which are 
found chiefly in vegetable 
refuse or in the droppings 
of herbivorous mammals. 
Of the Hydrophiline some 
are found in stagnant, 
others in running water, but they are nearly all poor 
swimmers, while a large number progress by simply 
crawling along the surface film upside down ; in their 
slow movements they present a marked contrast to the 
active predatory Dytiscide. 
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STAG-BEETLE AND ALLIES 

We now pass to the Pectinicornia, a small tribe con- 
taining only two families, one of which has no 
European representative, while both are somewhat 
limited in the number of their species. In the 
Lucanide the antenne 
are ten-jointed, with the 
first joint long and set at 
an angle with the rest of 
the antenne, of which 
from three to seven of the 
last joints are furnished 
with rigid tooth-like pro- 
cesses on one side. The 
outer lobe of the maxille 
ends in a pencil of hairs, 
while the inner lobe has 
very often the form of a 
claw ; the ligula is mem- 
branous or leathery in 


to the inner face of the 
mentum; the elytra 
cover over the abdomen, 
which on the ventral 
side shows five or, in the 
male, six segments; and 
the tarsi are  five- 
jointed, with a_ long, 
slender spur projecting 
between the claws of the 
terminal joint, and carry- 
ing at the end two long 
bristles. The male insects 
are remarkable for the massive development of their 
jaws, which in many cases are forked and branched _ 

The common stag-beetle (Lucanus cervus), may, in 
full-sized males, attain a length of over 2 inches, or, 
if the mandibles be included, more than 3 inches. It 
is most abundant in the neighbourhood of oak-woods, 
and in England is not uncommon in the 
southern counties, where the males may 
be often observed on the wing on fine 
summer evenings, flying with a loud hum. 

The Passalid@ are a small family of 
about two hundred known species, which 
are almost entirely restricted to the 
warmer parts of the world, the greater 
proportion being found in America. In 
the form of the antenne and in some 
other respects they show an affinity with 
the Lucanide@, though easily distinguished 
by the character of the mouth parts. The 
ligula is horny, and lies in a deep quad- 
rangular emargination in the mentum ; the 
lobes of the maxillz both resemble claws ; 
and the mandibles offer a peculiarity of 
structure met with in no other family, each 
being provided with a movably articulated 
tooth placed close to the molar surface. 

BURROWING-BEETLES 

The Lamellicornia—comprising the 
burrowing-beetles, cockchafers, and a 
host of other forms, differing both in 
habits and external  structure—are 
represented in all parts of the world. We 
have only to mention the goliath-beetles of West 
Africa, and the elephant and hercules beetles of 
Tropical America, to indicate the great size attained 
by some of the species ; while as regards beauty and 
brilliancy of coloration no beetles can rival many of 
those belonging to the two subfamilies Cetoniine and 
Ruteling. The male stag-beetles, as we have just 
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SUMMER-CHAFERS 


seen, are distinguished by their large heads and 
monstrous jaws, but in the males of the present family 
it is,as a rule, the prothorax which is greatly enlarged 
or otherwise modified in form, and often furnished, 
like the head, with processes of various kinds, 
? sometimes short, in 
others taking the shape 
of huge curved or 
branching horns. 

The family admits of 
two principal divisions. 
In the first division the 
ligula of the lower lip is 
more or less membranous 
and distinct from the 
mentum, and the 
spiracles of the ab- 
domen are all situated 
in the connecting mem- 


brane between the 
dorsal and ventral 
plates. Among these we 


may mention the genus 


Scavabeus, over sixty 
species of which are 
known, most of them 


African, some occurring 

in Asia, and a few, in- 

cluding S. sacey, one of 

the sacred beetles of the 
» Egyptians, found also in 

South Europe. Among 
* the coprophagous species 

met with in Great 
Britain, those of the genus 4 phodius, which represents 
a second subfamily, are the most numerous. They are 
somewhat oblong in form, as in Aphodius fossory, one of 
the largest and best-known species, and are usually 
shining black, though in many the elytra are of a reddish 
or yellow colour, in some cases spotted with black. 

A type of another subfamily is found in 
the genus Geolyvupes, of which we have in 
this country several species, including the 
well-known ‘‘dumble-dor,’ or ‘ shard- 
born”’ beetle (G. stercorarius). The species 
almost all exhibit dark blue or black 
colours, and in most cases the sexes differ 
little in external form. 

The plant-feeding, or phytophagous, 
subfamilies belong to. the second division 
of the Scavaba@ide. In these the ligula is 
consolidated with the mentum, and the 
abdominal spiracles are placed, some in 
the connecting membrane between the 
dorsal and ventral plates, the others on 
the sides of the ventral plates. One of 
our most familiar insects, the common 
cockchafer (Melolontha vulgaris), gives a 
good idea of the general form and style 
of coloration prevailing in the subfamily 
Melolonthing. Examples of some of the 
other Melolonthine are Polyphylla fullo, 
one of the finest European species, which, 
though not indigenous to Britain, has 
occasionally been found on the south 
coast, and Rhizotrogus solstitialis,acommon 
British insect, generally known as the summer-chafer. 

The Rutelineg have some resemblance in external 
form to the Meilolonthine, but can in general be easily 
recognised owing to the difference in length between 
the two claws of each of their tarsi. The Dynastine 
are mostly confined to the warmer parts of the world, 
and chiefly remarkable on account of the great sexual 
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differences exhibited by the species. In the hercules- 
beetles (Dynastes hercules), of the West Indies and 
Tropical America, the male is sometimes over 5 inches 
long. The elephant-beetle is a more massive insect, 
though, having relatively much shorter horns, its total 
length is not so great. The 
rhinoceros-beetles, of which 
the male of the European 
species (Ovyctes nasicorynis) is 
figured below, are of smaller 
size. The next subfamily, 
the Cetoniine, includes the 
rose-chafers, as typified by 
the British Cetonia aurata, 
with its burnished golden- 
green armour. The goliath- 
beetles belong to this sub- 
family. In some of the 
genera, such as Ceratorrhina 
and Goliathus, the males 
may be recognised by the 
shape of the head, which is 
often excavated above, and furnished with hooks or 
horns, as shown below. 


BUPRESTID/E 
with the click-beetles 


The 


fa ae —> 


Buprestide, together 


WEST INDIAN 
FIREFLY 


(Elateridz), and a few smaller families, constitute 
the tribe Serricornia. Distinguished chiefly by their 
serrated or flabellated antenne, the beetles of this 
tribe agree also in having the tarsi five-jointed, and 
the prosternum prolonged behind and fitting into a 
cavity of the mesosternum. They are generally of 


RHINOCEROS-BEETLE 
(MALE) 


AGRIOTES LINEATUS AND ITS LARVA, THE WIRE-WORM 


GOLIATH BEETLE 
(MALE) 


distributed, and include many of the finest species of 
the family, such as the Euchroma gigantea of South 
America, and the species of Catovantha found in the 
East Indies. Chalcophora mariana, occurs in many 
pine-forests of the Continent, and is one of the largest 

European species. The 
~ | Bupresting are more numer- 
ous than the other two 
groups, and are found in all 
parts of the world. 


CLICK-BEETLES 


The click-beetles are, as a 
rule, narrower and more 
elongated than the Bupres- 
tide, and differ also in having 
the posterior angles of the 
| pronotum sharply produced 
| behind, and the prosternal 
| process laterally compressed 
and slightly curved, with its 
point resting in a deep cavity 
in the mesosternum. Their antenne—consisting of 
eleven, or rarely twelve, joints—are usually serrate, 
though in many cases, especially in the males, they are 
either pectinate or flabellate. These beetles owe their 
name of skip-jacks to the power they have, when fallen 
on the back, of springing into the air and alighting on 
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POLYPHYLLA FULLO 
(MALE) 


DEATH-WATCH 
BEETLE 


their legs again. The larve of some species eat into 
soft succulent roots and tubers, and in this way prove 
destructive to many of our cultivated plants. These 
pests are well-known to farmers under the name of 
wire-worms. The larva of Agriotes lineatus is one of 
the worst, being destructive not only in the fields but 


an elongated form, with the ee _~ also in the kitchen-garden. It 
elytra narrowed from the base ; Ray . is of a pale yellowish brown 
to the tip and completely colour, differing little in 
covering the abdomen. The general appearance from the 
Buprestide have short, ser- larve of other species, and 


rated antenne, composed of 
eleven joints, which, with the 
exception of three or four 
nearest the base, are covered 

on special areas with very , 
minute pits supposed to be of 

an olfactory nature; these 
areas may be spread over 
nearly the whole of each joint, 

or confined to one side or the 
end of the joint, and their 
position affords one of the 
most important characters used in the classification of 
the family. 

The family is divided into three principal groups— 
the Julodine, Chaléaphorine, and Buprestine. The 
first group is chiefly restricted to Africa and the 
East Indies. The Chalcophorine are more widely 


GLOW-WORMS 


= lives for probably four or five 
years, passing then into a 
pupa, which remains con- 
cealed in the ground for a few 
weeks before changing into 
the perfect insect. Among the 
exotic members of this family, 
the most remarkable are the 
fire-flies, found in the West 
Indies and America. There 
are several species of these 
beetles, all belonging to the 
genus Pyrophorus, one of which, P. noctilucus, is illus- 
trated on this page. They have a dark brown or 
reddish brown colour, obscured by a covering of short 
grey hairs, and may be easily recognised by the two 
slightly raised yellow spots placed near the hind angles 
of the prothorax. In the living insect these spots glow 
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with a rich yellowish green light. Astronger, but more 
diffused light, of a reddish colour, is given off from the 
abdomen when the beetles are flying. 


GLOW-WORMS 

_ The remaining families of the section Pentamera are 
included in the tribe Malacoder- 
mata. The beetles of this tribe 
are distinguished by having the 
elytra less solid and compact, and 
the body in general softer and 
more flexible than is usual in other 
groups. The Lycid@ are deserving 
of notice, inasmuch as they form 
one of those groups of insects 
which are most frequently 
mimicked by species of other 
families. They havea characteristic 
appearance, owing to the small size 
of the head and prothorax, as com- 
pared with the greatly expanded 
elytra. 

To their unusual shape these beetles generally add a 
conspicuous coloration ; tawny yellow and red, varied 
in many cases with black spots and bands, being the 
predominant colours throughout the family. They are 
found on the flowers 
and leaves of trees, 
and are sometimes 
seen in great abund- 
ance; and it is said 
that they secrete a 
nauseous liquid, 
which gives them 
immunity from the 
attacks of insecti- 
vorous animals. 

The Lampyrid@e 
are remarkable on 
aecoumimts Ont he 
luminous properties 
possessed by nearly 
all the species. In 
these insects the 
head is small and, 
being retracted 
moder the  pLro- 
notum, generally 
invisible from 
above; the eyes are see 
large, especially in the males, the mandibles small but 
sharply pointed, and the antenne come off close 
together from the front of the head. The phos- 
phorescent organs are situated in the abdomen, their 
position being shown in most of the yy, 
species by pale yellowish or whitish 
areas on the ventral surface of 
certain of the-segments. : 

These beetles are found in nearly 
all parts of the world, though most 
numerous in Tropical America. 
In Lampyris and certain other | 
genera the females are frequently 
apterous. The femaleof Lampyris 
noctiluca—the common glow-worm 
—is not only without wings, but 
has even no trace of elytra, so that 
in appearance it is not unlike the 
larva of the same species, though it i 
may be distinguished by its broad semicircular pro- 
thorax, its more fully developed legs, and much 
greater luminosity. In the genus Lucicola—which is 
represented by two or three species 1n South Europe— 


SOLDIER-BEETLES 


HERCULES-BEETLES 


CLERUS FORMICAR 


both sexes are winged, and the males are even more 
luminous than the females. 


SOLDIER-BEETLES 


The Telephoride are distinguished from the two 
' preceding families by having the head more exposed, 
the bases of the antenne more 
widely separated from one another, 
the pronotum somewhat square in 
shape, the maxillary palpi ending 
in a hatchet-shaped joint, and the 
mandibles longer and often bifid at 
the end, or toothed on the inner 
side. Some of them are among the 
commonest and most familiar of our 
insects—being known to schoolboys 
as “‘ soldiers’’ and “ sailors”’—and 
few can fail to recognise the species 
figured. This species (Telephorus 
fuscus), and a few others of the same 
genus—some of which are of an 
almost entirely yellowish red colour 
—are very plentiful on flowers at certain times of the 
year. 
CLERIDA 
The Clerid@ are generally brightly coloured, of 
cylindrical form, 
with the prothorax 
narrower than the 
ely tran thre meyers 
notched in front, the 
antenne either ser- 
rate, pectinate, or 
clavate, and the 
tarsi furnished 
underneath with 
membranous lobes. 
Clerus ~ formicarius 
is very abundant in 
pine-forests, where 
it plays a_ useful 
part in hunting for 
and devouring 
wood-boring 
beetles ; while the 
larva is still more 
active in  follow- 
ing under the 
bark the larve of 
various kinds 
which are there to be met with. Another species 
(Ivichodes apvarius) hunts for its prey on_ flowers, 
especially those of the Umbellifer@, and the larve are 
where they devour many of the 
young brood. 


DEATH-WATCH BEETLE AND ALLIES 


The Piinideé are all small insects, 
usually of a somewhat cylindrical 
form, rounded at each end, and 
with the head retracted under a 
hood-like covering, formed by the 
prothorax. They are obscurely 
coloured and chiefly interesting on 
account of their mischievous. pro- 
pensities. In the larval state Piinus 
fur is very destructive in herbaria, 
and natural history collections 
generally. 

The best known of the Ptinid@ are the death-watch 
beetles of the genus A nobium, to which we have already 
referred at the beginning of this chapter. These beetles 
seldom show themselves openly, so that to most people 
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they are only known by the sounds they produce or 
the holes with which the larve riddle furniture and the 
woodwork of houses. The holes with which old books 
are sometimes seen to be perforated are also made by 
the larve of a species of Anobtwm, which for this reason 
are known as bookworms. 


HETEROMERA 


The Heteromera are those 
beetles in which the tarsi of the 
fore and middle legs are five- 
jointed, those of the hind legs 
being four-jointed. The Tene- rn 
brionide exceed in number of ~ 
species the rest of the Hetero- 
mera together. Theantenne are 
inserted under.a projecting angle 
or ridge on each side of the head, 
and composed of eleven or, ex- = 
ceptionally, ten joints, of which 
the third is generally the longest ; 
the coxze of the front legs are usually rounded, with 
their sockets separated by a fairly broad prosternal 
process, and completely closed in behind; and the 
claws of all the tarsi are simple. Many of the obscurely 
coloured species are without wings, and frequently 
have the elytra fused together. The churchyard- 
beetles (Blaps) and oe 
the meal-beetle 
(Tenebrio) are 
probably the best 
known members of 
the family. 2B. 
mucronata is the 
commonest species 


o 


in England; it 
differs from B. 
mortisea, which 


also occurs, though, 
rarely,~in, that 
country, in having 


shorter points to 
the elytra. << 
SD te. Yea wes = 


Tenebrio, two 

species occur in Britain, one of which (7. molitor) is 
almost cosmopolitan in its range, having been carried 
in flour to nearly every part of the world. The larve, 
known as meal-worms, are long and narrow, of a light 
yellowish red colour, with the integument hard, and 
the last segment conical in shape and ending in 
two processes, armed each with a small black spine. 

OIL-BEETLES 

The Meloid@ are chiefly distinguished 
from the other Heteromera by having 
the head abruptly constricted behind 
in the form of a short neck, the 
coxze of the anterior and middle legs 
long and prominent, and placed close 
to one another in the middle line, and 
the claws of the tarsi accompanied 
each by a. slender hook, so that they 
appear double. Many of the species 
possess: vesicating or blistering pro- 
perties. 

The larve are interesting on account 
of their habits and the changes of form they undergo 
in the course of their development. These changes 
are well illustrated in the case of the oil-beetles 
(Meloe). The larve of these when first hatched from 
the egg are active little creatures furnished with 
six legs. They climb on to flowers, and wait in 
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OIL-BEETLES AND 


XENOS PECKI—MALE 


a@ indicates rudimentary elytra 
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readiness to fasten themselves to the hairs of bees 
coming to gather the honey. 

In this way they get ‘carried to the nest, where 
they devour the eggs of the bee. They now cast 
their skin, appear. as little, maggot-like grubs, with 
much reduced legs, and feed on 
the honey intended by the bee 
for its own young. After a time 
they change to the form of a 
pupa, from which, instead of 
the perfect insect, a third form 
of larva, somewhat similar to the 
second, emerges, while a further 
change is still required before 
the true pupal stage is reached. 

Seven species of the Meloe 
occur in Great Britain, but, 
with the exception of one or 
two, _are very rare. When 
handled or irritated they exude 
ap acrid, oily-looking liquid of 
a yellow colour from cértain of their joints. 


PARASITIC BEETLES 


The Stylopide are remarkable little insects, which 
live parasitically in the bodies of wasps, bees, and bugs, 
and present a type of structure distinct from that of all 

————— - other beetles. The 
male is a winged in- 
sect, with coarsely- 
faceted prominent 
eyes, large fan- 
shaped wings, and 
extremely small in- 
conspicuous elytra ; 
the; first. Lwe 
thoracic rings are 
very short, while 
the metathorax is 
greatly elongated 
and covers the base 
of the abdomen; the 
hind legs are placed 
a long way behind 
the middle pair, and 
the tarsi of all the legs are membranous underneath, and 
without claws at the end. The female, on the other 
hand, isa grub-like creature, without legs, wings, or eyes. 
She never leaves the body of her host, and from her 
eggs active little six-legged larve develop, which make 
their way out and get carried into the nests of bees and 
wasps, where they bore into the bodies of the grubs. The 
Stylopid@ are very rarely seen, and the 
number of species known is small. They 
have been arranged in four or five 
genera, based upon slight differences 
in the structure of the males, all of 
which have the general appearance 
shown in the figure of Xenos peckt. 


TETRAMERA 


The Curculionide, or weevils, are dis- 
tinguished from all other beetles by well- 
marked characters. The head is pro- 
duced in front in the form of a short 
snout or a more or less elongated and 
; narrow beak, which carries the mouth at 
its extremity ; the prothorax rarely has sharp. lateral 
edges, and the coxal cavities on the under side of that 
segment are closed in behind by the extension inwards 
of the epimera to meet in the middle line; and the 
antenne are elbowed, with the first joint as a rule long, 
and some of the joints at the end forming a club. 
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A GROUP OF. BUTTERFEIES 
Mango admiral; 4, Silver-studded skipper; 5, Royal swallow-tail; 6, Sooty-veined porcelain 


|, Orange scallop-wing; 2, Common blue; 3 | 
7 9, Swinhoe’s tortoiseshell: 10, Harris's snowflake, 


7, Black-tipped sulphur ; 8 Duke of Burgundy 
L969 2 ( 


BEBDEBS IN A FEOOD 


Beetles, whether from the extent of their numbers or the variety of their shapes and instincts, are well qualified to play an important part in the 
conomy of Nature Their chief function is that of universal scavengers. Besides groups fitted to act as scavengers, we find further series of forms 
that live in, and prey upon, all kinds of plant life 
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WEEVILS 


The weevils have been arranged in a number of 
subfamilies, but it is impossible in a limited space to 
describe the various modifications of structure on which 
these divisions are based, and we must content our- 
selves here with a brief reference to some of the typical 
and more interesting forms. In the genus Sitones 
we have examples of those weevils in which the snout 
is short and comparatively broad. S. Jineatus is a well- 
known species which lives on papilionaceous plants, 
and frequently does much mischief by devouring the 
young leaves of peas and beans. It is a little yellowish 
grey or drab-coloured beetle with three pale lines along 
the thorax, and a number of rows of punctures along 
the elytra. Its colour is due to a thick covering of 
scales, some of which, when looked at closely, are 
seen to have a golden tint. 

Weevils are, as a rule, most destructive during the 
larval state, the adult insects doing a comparatively 
small amount of injury to vegetation; but as regards 
Aylobius abietis, known as “the large pine-weevil,”’ 
one of the worst enemies of young conifers, the injury 
done to the trees is altogether the work of the beetles, 
while the grubs are quite harmless. . The genus Apion 
comprises a large number of little, long-snouted weevils, 
having in general the form shown in the figure of 
A. apricans. 

Though the British species are numerous and some of 
them common every- 
where on clover, tre- 
foil, and other legu- 
minous plants, they 
are seldom noticed 
owing to their small 
size. In Apoderus, 
Attelabus, and Rhyn- 
chites we have a 
group of genera which 
are interesting on 
account of the leaf- 
rolling habits of the 
females, and remark- 
able also, in the case 
of the first genus, for 
the great length of 
neck displayed by 
some of the species. 
The females deposit 
ae single “egg, “or Jin 
some cases two or even three eggs, in each of the 
little rolled-up leaf packages, which serve afterwards 
both as a shelter and food-supply for the larva. 
Three or four species of these leaf-rolling weevils are 
found in Britain. 

The illustration of Apoderus longicollis, a Javan 
species, shows what an extraordinary length the neck 
may attain in the males of some of the tropical repre- 
sentatives of the genus, although in this species it is 
not nearly so long in proportion as in an allied form 
(A. tenuissimus) found in the Philippine Islands. 

The nut-weevil (Balaninus nucum) affords a strong 
contrast in the shape of its head to the species just 
mentioned. It will be noticed that in this weevil the 
head is very short behind the eyes, whereas the beak is 
greatly elongated, with the antenne inserted near the 
middle of its length. The female lays her eggs in 
hazel-nuts while the latter are still in a half-developed 
condition ; she first pierces a hole in the soft shell of 
the nut, and then depositing an egg in the opening 
pushes it in with her beak. The grub feeds inside the 
nut, remaining in it until autumn, when it bores a round 
aperture in the shell, and, escaping from the nut, makes 
its way into the soil, where it surrounds itself with a 
cocoon formed of fragments of earth. 


A GROUP OF WEEVILS 


I, pine-weevil; 2, 4, and 8, Sitones lineatus and allies; 3, Apoderus longicollis ; 5, apple- alone the 
blossom weevil ; 6, pear-blossom weevil ; 7, Apion apricans ; 9, nut-weevil 5 


The “ apple-blossom weevil ”’ (Anthonomus pomorunr) 
is another species which, on account of its injurious 
habits, deserves some notice. It is about a quarter 
of an inch long, of a greyish brown colour, with an 
oblique white band on the elytra, and three whitish lines 
on the thorax. The female deposits her eggs in the 
unopened flower-buds of the apple, and the larva by 
feeding on the stamens and pistil causes the bud to 
wither and die. In about fifteen days the larva 
attains its full size, changing then to a pupa within the 
bud, and the beetle appears about eight days later and 
escapes through an opening which it makes in the side. 
A closely allied species (A. pyri) proves injurious in the 
same way to pear blossoms. 

The cabbage-gall weevil (Ceutorhynchus sulcicollis) 
and certain species of Bavidius attack cruciferous plants; 
the larve of the former live inside galls which they 
raise on the roots of cabbages and turnips, while those 
of Baridius may be found living in the lower part of 
the stem. 

The grain-weevils, which are most numerous in 
tropical countries, are represented in Britain by two 
almost cosmopolitan species, the corn-weevil (Sztophilus 
gvanarius), and the rice-weevil (S. ovyz@). These are 
both small species, but belong to a subfamily (Cal- 
andyine) which includes a number of the largest 
tropical weevils, such as the palm-weevil (RAynchoporus 
palmarum). 

The Scolyiid@ and 
two other small 
families, the Byren- 
thide and Anthribide, 
are associated with 
the weevils in the 
tribe Rhynchophora. 
The Scolytide are 
little beetles which 
live under bark, and 
often prove very in- 
jurious to trees. They 
have four - jointed 
tarsi, clubbed an- 
tenne, and the head 
produced in front into 
a short snout. The 
females lay their’ eggs 
sides of 
galleries which they 
burrow out under the bark; the larve, when hatched, 
make tracks at right angles to the mother-galleries, 
and thus form curious and characteristic patterns. 


LONGICORNS 

The Cervambycid@, or longicorns, have in most cases 
a characteristic appearance by which they may be 
easily recognised, though, owing to a great variety 
in their form and structure, the family as a whole is not 
easily defined. Thus the great length of the antennz 
to which these beetles owe their name is not always a 
distinguishing feature, for in many genera the antenne 
are much shorter than the body. The longicorns re- 
semble the Khynchophora in having the first three 
joints of the tarsi furnished underneath with a brush- 
like covering of hairs, and the fourth joint very small 
and hidden between the lobes of the third; but they 
are distinguished from that tribe by the fact that the 
epimera of the prothorax do not meet, while the head, 
though sometimes produced into a short muzzle, is 
never prolonged in the form of a beak. 

The larve all have a strong family likeness, and are 
quite unlike those of the Chrysomelide. They are of 
a dirty-white or pale yellow colour, with a rather soft 
skin, and in general form most resemble the larve of 
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LEAF-ROLLING WEEVILS 
tr, Attelabus curculionoides ; 2, Apoderus coryli; 3, Rhynchites betuleti; 4, R. populi; 5, R. betula 


Buprestidae. These larve all live in the interior of 
plants; some feeding just under the bark, while the 
great majority bore tunnels in the woody tissue, or live 
exclusively in the pith. The males have, as a rule, 
longer antenne than the females, and may often be 
distinguished by the larger size of the eyes, jaws, or 
prothorax, or the greater length of the 
legs. The females are provided with 
a flexible ovipositor, which can be 
protruded some distance beyond the 
end of the body. 

In the subfamily Prionine the anterior 
coxe are strongly transverse, and their 
sockets widely open behind, the sides 
of the prothorax are sharply edged, the 
palpi are never pointed at the end, and 
the front tibiae are without a groove 
underneath. This subfamily is the least 
numerous in species, though many of 
these are distinguished for their great 
size. Titanus giganteus, a Brazilian 
species, sometimes measures over half 
a foot long, and is the largest of all 
known beetles, while the sawyer-beetle 
(Macrodontia cervicornis) and other 
species occurring in Tropical America 
are not much smaller. 

Most of the Prionine are found in the warmer parts 
of the world. They are represented in Europe by 
Prionus coriavius, Ergates faber, and a few other 
forms. PP. corviayius is the only species which occurs 
in England, and is not very common, being met with 
chiefly in oak-woods, where the larve live in the 
rotten trunks of trees. . ; 

The Cevambycineé are 
widely distributed, and 
include a very large num- 
ber of species. They are, 
as a rule, narrower than 
the Prionine, and without 
sharp lateral edges to the 
prothorax, while the 
sockets of their. front 
legs are seldom strongly 
transverse and are often 
rounded and completely 
closed behind. Most of 
the species have a stridu- 
lating area on the meso- 
notum, and by this means 
are enabled to produce 


wee 


PALM-WEEVIL 


CABBAGE-GALL WEEVIL AND ALLIED BEETLES 
t, Ceutorhynchus sulcicollis ; 2, C. assimilis ; 3, Baridius chloris; 4, B. cuprirostris 


VES sounds. This sub- 
{oe >< family includes a 
number of very re- 
markable mimetic 
forms, some with 
broadly expanded 


elytra, and black and 
tawny colours resem- 
bling Lycid@, others 
with the elytra greatly 
reduced in size, and 
the shape of the body 
modified in imitation of 
various Hymenoptera. 

The metallic- 
coloured beetles of 
the group Callichro- 
mides, most of which 
are found in tropical 
countries, exhale a 
scent resembling otto 
“ of roses. In England 
this group is represented by the musk-beetle (Avomia 
moschata), figured on page 1974, a handsome insect of a 
golden-green or bronzy colour, which is met with on 
willow-trees. Among the European species of Ceram- 
bycine, the groups Lepturides, Molorchides, and Clytides 
are best represented. Some of the Lepturides, such as 
er Strangalia and Toxotus, are flower-tre- 
quenting insects, others, like Rhagium, 
are found on the trunks of pine-trees. 
In the Molorchides, the elytra are usually 
short or very narrow, and the abdomen 
slender and constricted at the base, so 
that many of the species have a resem- 
blance to Hymenoptera. 

The European Necydalis major looks 
like a hornet, but in many of the 
tropical forms these resemblances are 
more pronounced. The C/ytides are found 
on flowers, chiefly of the umbelliferous 
kind, and two or three species are 
among the prettiest of British beetles. 
Some of the Clyt¢des and species of 
Hylotrupes and Callidium are occasionally 
met with in houses, being introduced 
in the woods in which the larve feed. 

The Lamtine are more numerous than 
the other longicorns, and distinguished 
by having an oblique groove on the lower side 
of the front tibia, the last joint of the palpi usually 
pointed at the end, and the front of the head in 


most cases turned down vertically, or sometimes 
even inclined backwards, bringing the mouth 
close to the prosternum. The species of the 
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genus Lamia are few in number, and by no means 
typical of the subfamily ; they are clumsy-looking, dull 
black insects, one of which (Lamia textor) is found on 
willow-trees and in osier-beds in some parts of Britain. 
In the genus: Acanthocinus the antennze attain their 
greatest length, being four times as long as 
the body in the male. A. edilis is found in 
pine-woods in Scotland, and is met with 
occasionally in other parts of Great Britain 
and even in London, where it is sometimes 
introduced in timber. Among the exotic 
species of this subfamily, the harlequin- 
beetle (Acrocinus longimanus) is one of the 
most remarkable, being distinguished, not 
only by its curiously variegated colours, but 
also by the extraordinary length of the front 
legs in the male. 


PEA AND BEAN BRUCHUS wx 
The Bruchid@ are a small but widely- 
spread family of little beetles which are ; 
found chiefly on Jeguminous plants. The larve live 
in the seeds, eating up all the internal parts and 
changing to pupe within the outer shell. These 
beetles were at one time classed with the weevils, but 


are now generally recognised as being more nearly 


allied to the next family. ge, 2S Bt 
They are illustrated on page Ses WU 

1975: I is the pea-bruchus 
(Bruchus pist) ; 2, the bean- 
bruchus (B. vufimanus) ; 
and 3, B. granarvius and 
larva; all being enlarged. 


PLANT-EATING BEETLES 


The Chrysomelid@, more 
commonly known as the 
Phytophaga — though this 
name is equally applicable 
to many other beetles— 
all live upon plants, feed- 
ing chiefly upon the foliage, 
while some also attack the 
flowers. They are almost 
as numerous as the weevils, 
and in their own way quite 
as destructive to vegeta- 
tion. The family is divided 
into four sections. The 
Eupoda include those forms 
which most resemble the 
longicorns. Many of the 


STRANGALIA 
ARMATA 


“PRIONUS CORIARIUS (FEMALE) AND ERGATRS FABFR (MATE) 


FLEA-BEETLES 


beetles belonging to this section have thickened 
hind legs, but instead of being active jumpers, as 
might be suspected, they are really very slow and 
awkward in their movements. In the males of the genus 
Sagra, the hind legs are enormously developed, the 
species of this genus being for that reason sometimes 
known as kangaroo-beetles. 

The Donacine live upon aquatic plants of various 
kinds ; they have a bright metallic coloration, which 
in many species is veiled by a delicate covering of silky 
hairs, and their elytra are marked with rows of deep 
punctures. The larvee feed under water upon the roots 
of the plants, and change to pup which are enclosed 
in oval cocoons. 

In the beetles of the section Camptosomata the body 
is short, the head vertical and deeply sunk in the pro- 
thorax, and the abdomen slightly curved, with its 
middle segments contracted ; the antenne are short and 
serrate or pectinate in the first subfamily, while in the 
second they are rather long and filiform. The larve 
move about surrounded by a sack-like case, from which 
the head and anterior part of the body are free. They 
retract themselves completely within the case and close 
up the opening when about to undergo their metamor- 


phosis. 
FLEA-BEETLES AND ALLIES 


The Cyclica comprise four subfamilies, of which the 
first, the Eumolpine, is almost entirely com- 
posed of exotic species, though one of the 
few species found in Europe (Bvomius vitis) 
is only too well-known on account of the 
damage it inflicts on the leaves of the vine. 
With the Chrysomeline we come to the most 
; typical forms belonging to the family. These 
beetles are distinguished by their oval and 
convex shapes, having in many cases a great 
resemblance to lady-birds (Coccinellide), while 
their colours are nearly always brightly metallic 
or otherwise conspicuous. Some of the species 
are very gregarious in their habits. Lina 
tvemulé is often found in large numbers in 
all its stages on the leaves of aspen; the 
larve are somewhat like those of lady-birds, 
and have the habit of exuding a strong-smelling 
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in Great Britain, but of the flea-bectles (Halticine) 
there are a large number of species, of which the 
best known are the turnip-flea (Phyllotveta nemorum), 
and other little jumping beetles which attack crucifer- 
ous plants. The larve of the Halticine usually mine 
in the tissues of the leaf underneath the epidermis; 
in this respect  differ- 
ing from the larve of 
most of the other Chry- 
somelid@. 


TORTOISE-BEETLES 

The Cryptostomata are 
distinguished by having 
the front of the head in- 
clined backwards, so that 
the mouth is almost com- 
pletely hidden. Two sub- 
families are included in 
this section. The Hispine 
are remarkable for the 
sharp projecting spines 
with which many of the 
species are armed, while 


the Cassidine have the 
characteristic form to 
which they owe their 


name of tortoise-beetles. 
In Great Britain, the 
tortoise-beetles are repre- 
sented by half a dozen 


or more species of the 
genus Cassida, one of 


which (GC. nebulosa) in its different stages is illustrated 


on page 1976. A Brazilian species (Desmonota 
variolosa), remarkable for its deeply sculptured 


elytra and bright golden-green colour, is also 
shown in the same figure. 
LADY-BIRDS 
Two families, are included in the Trimera. The 


Coccinellide, or lady-birds, are familiar to everyone. 


These charming little insects have always been 
held in much respect, as the different names 


NECYDALIS MAJOR 


given to them testify, and it is well that it should 
ber so, For while the species of a few genera 
(Epilachna, Lasia) are herbivorous in their habits, 
the great majority live—especially in the larval 
state—upon green-fly and plant-lice, and, by keep- 
ing these noxious insects in check, perform a useful 
service to man. 

The lady-birds are found 
in nearly all parts of the 
world, and over a thousand 


different species are 
known. Among. several 
species occurring in 
Britain the two com- 


monest are, perhaps, the 
large seven-spotted Coccz- 
nella septempuncta and 
the small two-spotted 
C. bipunctata. The latter 
varies in colour to a 
great extent, so that be- 
tween the typical form 
with red elytra marked 
with two black spots, and 
others in which the elytra 
are entirely black, one 
meets with almost every 
intermediate condition. 


The larve of these 
species may be recog- 
nised by their slate-blue 
colour, marked with 
some yellow dots, and 

by the greed with which they devour aphides. 


The larve, when about five or six weeks old, are 
ready to pupate. Fixing themselves by the tail- 
end to a leaf, they cast their skin, and the pupa, 
resting upon the cast-off larval skin, remain attached 
to the leaf. The beetles emerge about eight days later. 


NEUROPTERA 
The Neuroptera form the last order of insects which 
undergo a complete metamorphosis in the course of 
their development. In this order it was formerly 


RHAGIUM 


INDAGATOR ; 


CADDIS-FLIES 


forming the first of the 
two great divisions of 
the order, are in general 
appearance rather like 
some of the smaller 
kinds of moths; and 
since they differ a good 
deal from the typical 
Neuroptera, they are 
often treated as a dis- 
tinctpnorden. my LONE Enein 
adult state they have 
two pairs of wings, in 
which the neuration is 
comparatively simple, 
with few transverse ner- 
| vures. The wings are 
generally clothed with 
hairs, and the hind wings 
usual to include certain groups of insects, such as the usually shorter, broader, and less hairy than the front 
dragon-flies, May-flies, white ants, etc., none of which pair. When at rest, the hind wings are folded fan-wise, 
pass through a period of prolonged inactivity, or pupal with the fore wings covering them over like a roof. 
stage, before reaching the perfect condition. But The caddis-flies have a rather small head, which bears 
although it is largely a matter two long, tapering, and many- 
of convenience whether these jointed antenne. They have 
groups be placed, as they are in round and prominent eyes, and 
this work, in the order Orthop- usually also three ocelli, placed 
tera, or arranged in a series of on the forehead. With the ex- 
separate orders, no one, taking ception of the palpi, their mouth 
into consideration the great organs are feebly developed. 
difference in their mode of Their legs are long, and possess 
development, would now think five-jointed tarsi; and the tibia 
of associating them in the same are generally furnished with 
order with the true Neuroptera. spurs, whose number and dis- 
The adult insects of the position are of considerable value 
present order have their mouth in distinguishing the genera. 
organs, when fully developed, These insects fly chiefly in the 
adapted to biting and grinding, evening or atnight, and, attracted 
and never formed for piercing by the light, frequently enter 
or sucking; in which respect houses; some of the smaller 
they differ from three of the : ‘ } Pa _ Ze species flying in swarms over 
other orders of the meta- MALE AND FEMALE OF TOXOTUS MERIDIANUS water. The larve, with few 
bolous insects—namely, the exceptions, are aquatic in their 
Hymenoptera, Diptera, and Lepidoptera. From the habits; some being carnivorous, although most feed 
Coleoptera they are easily distinguished by the structure on vegetable matter. Found in streams, lakes, and 
of their fore wings, which are never hard and horny ponds, or any piece of water in which plants grow, 
like the wing-cases, or elytra, of the latter. Both pairs caddis-worms, as the larve are called, are well known to 
of wings are mem- Se ny ae i 
branous, and usually 
traversed by numerous 
more or less closely 
reticulating veins, 
whence the name of 
Neuroptera given to 
the order. The hind 
wings are often very 
similar to the fore 
wings, but sometimes 
differ considerably in 
size and shape. In 
one section—the cad- 
dis-flies—they are cap- 
able of being folded 
like a fan, but in the 
other section (Plani- 
pennia) they always 
remain flat, and are 
spread horizontally or 
obliquely in repose. 


CADDIS-FLIES x : 3 5 ear: Ff! 
The caddis-flies (sub- I, LAMIA TEXTOR; 2, FEMALE, AND 3, MALE OF ACATHOCINUS AIDILIS; 4, SAP 
order  ‘Trichoptera), CARCHARIAS; 5, SAPERDA POPULNEA 
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TORTOISE-BEETLES 


1, Cassida nebulosa ; 2, its larva; 3, Desmonota variolosa; 4, portion of its elytron ; 5, its leg 


anglers, by whom they are frequently used as bait. chamber, 


small molluscs, more especially those of 
Planorbis. 

What is still more remarkable about these 
cases is the fact that the case-worms do not 
necessarily select empty shells, but take 
those with living occupants as well, and 
fasten them all together around their backs, 
Grains of sand, of finer or coarser kind, are 
used by many larve in the construction of 
their cases; and the latter may be either 
cylindrical in form or slightly curved, or, 
as in the exotic genus Helicopsyche, they may, 
like snail-shells, have a _ distinct ~spiral 
curvature. 

The grubs of other species arrange bits of 
sticks transversely in four different directions, 
using longer pieces as they progress, so that 
the complete case is four-sided, with the 
sides gradually widening from one end to the 
other ; and there is a type in which the four 
sides, instead _of being straight, are carried 
round in a gefitle spiral curve. 

The interior of each larval case is a tubular 
lined with silk, open at each end, and 


The eggs from which they are hatched are laid some- about wide enough to enable the larva to turn in- 


times in the water, or on aquatic 
plants or trees overhanging water. 
Females have _ occasionally been 
captured with a coating of dry mud 
on their abdomen, showing that they 
had gone to some muddy pool to lay 
their eggs. 

The cases, made out of all sorts 
of materials with which many of the 
larve surround their bodies, have 
long been objects of interest to the 
naturalist. Some larve pick up bits 
of sticks and leaves, grains of sand, 
and fragments of shells, or what- 
ever else comes handiest, and fasten 
them together in a rough sort of 
fashion ; but many exercise a choice 
in the selection of materials, and ex- 
hibit great dexterity and neatness in 


side. At the fore end, which is 
generally a little wider, the head, 
thorax, and the six legs of the larva 
may be seen projecting ; whereas the 
hinder end is usually closed by a 
silken partition pierced with holes. 
The body of the naked larva is made 
up of a number of segments, of 
which the first three—carrying the 
legs—are, like the head, hard and of 
a brownish colour; while those that 
follow, about nine in number, are 
soft, white, and partly transparent. 
On the last segment are a pair of 
horny hooks, which enable the larva 
to grip tightly to its case. 

On the first abdominal segment 
three fleshy protuberances are often 
seen—a longer one above and a 
shorter one on each side—which ap- 


of its dwelling and the nature of the ,jrr-HIstory OF DONACIA CLAVIPES Pear to be used in enabling the larva 


to steady its body in the case, and to 


of the family, sometimes of the genus or species, to regulate its position with regard to the sides, so that 


which a larva belongs. In the family Phryganeid@, the water 
for example, the larve construct their cases with bits of and out. 
leaves or twigs, cut into ; 
suitable lengths, and 
arranged side by side in 
such a manner as to form 
a spiral band passing many 
times around the case (see 
7 in figure). 

The species of Limno- 
philus fashion their cases in 
various styles; the larve 
of L. fpellucidus using 
entire leaves, so that the 
case may have a flat- 
tened form, wide in pro- 
portion to its depth. The 
case made by L. rhombicus 
consists of bits of sticks or 
fibres placed transversely, 
with shells sometimes 
added; while those of 
L. flavicornis are often 


: - ay. LADY-BIRDS 
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built almost entirely t, Micraspis duodecimpunctata ; 2, Coccinella septempunctata: 3, larva (enlarged); 4, C. impustulata; 5, C, 


necessary for breathing may pass freely in 
Ihe larva breathes by means of rows or 
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the shells of different bipunctata and dark variety ; 6, Chilocorus bipustulatus 
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. the openings, and so accom- 


FLAT-WINGED 


tufts of soft white filaments— 
the tracheal gills— attached to 
the sides of all the abdominal 
segments except the first and 
last, and differing in arrange- 
ment in different species. 
Previously to entering the 
pupal stage, the larve of many 
species provide for their pro- 
tection during that inactive and 
helpless period of their exist- 
ence. They shut themselves 
up in their cases, some by 
closing the openings at each 
end with sieve-like plates of 
silk, which, while allowing free 
access to the water necessary 
for breathing, may serve to 
keep out their enemies; others 
by placing stones loosely over 


plishing the same purpose. 
There are a few larve, more- 
over, which, in their earlier 
days, make cases out of leaves, 
but add stones as they grow 
older, until just before pupation 
begins the case is entirely 
made of stones. Before the 
pupa is transformed into the 
perfect insect, it extricates 
itself from its case, and leads 
an active life, swimming and running with 
It then climbs up the stem of a plant to 
undergo its transformation. In some of the 
smaller species the pupa does not leave the 
water, but rises to the surface, and the fly 
emerges from the floating pupal skin. 
Caddis-flies are divided into seven families, 
arranged in two groups chiefly distinguished 
by the number of joints in the maxillary 
palpi of the male insect. In the first section— 
Inzquipalpia—the maxillary palpi of the male 
are composed of two, three, or four joints, 
never five; thus differing from those of the 
female, in which the number of joints is always 
five. This section contains four families ; 
the life-history of a species of the typical genus 
(Limnophilus) being depicted in our illustration. 
The second section—/-quipalpia—is character- 


. Se 


ised by the fact that the maxillary palpi of the male 


VARIOUS FORMS OF CASES MADE BY CADDIS-FLY LARVZ 
1-5, cases composed of sand and pebbles ; 6, a case made of small snail-shells; 7-10, cases made of parts of plant 


agility. 


LIFE-HISTORY OF 
COLORADO BEETLE 


LIFE-HISTORY OF CADDIS-FLY 


1, larva, ; 2, pupa; 3, larva in its case; 4, perfect insect 
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NEUROPTERA 


are five-jointed like those of the female; 


wards and prolonged in 


it in- 
cludes three families. 


FLAT-WINGED GROUP 


The members of the suborder Planipennia 
are distinguished from the last by having both 
pairs of wings formed nearly alike, and usually 
provided with a closely reticulated system of 
nervures, with numerous transverse branches. 
The wings—which are incapable of being 
folded up—are for the most part naked, 
and, when at rest, are turned back in a 
slanting position against the sides of the 


body. The mouth organs are well developed. 
SCORPION-FLIES 
The scorpion-flies (Panorpide), have a 


slender body, and the head turned down- 
the form of a _ beak. 
The mandibles are 
rather short and 
narrow; the maxillz, 
which are fused with 
the mentum, have 
five-jointed palpi ; 
and the narrower 
lower lip is bifid at 
the extremity, with 
three-jointed palpi. 
The antenne are 
setiform, and _  in- 
serted between the 
rather prominent 
eyes, and _ below 
the ocelli, which 
are usually distinct. 
The prothorax is 
Short) Gamid “collar 
like, and the wings 
of these insects are 
but little reticulated. 
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The common scorpion-fly (Panorpa communis), which 
may be taken as the type of the family, is a shiny black in- 
sect about half aninch or more inlength, with long, trans- 
parent, spotted wings, and a yellow beak and legs. The 


three last body- 
segments of the 
male are narrower, 
and can be curved 


like a tail, and 
have a_ reddish ‘ 
colour; and the 


last carries a pair 
of pincer-like 
claws. It is from 
this circumstance 
that the insect has 


received its name, though it must be remembered that 
it does not possess a sting like a scorpion. 


SNAKE-FLIES AND ALDER-FLIES 
In the snake-flies and alder-flies (Stalid@), forming 


the second family, the head is compara-, 
tively large, aud often inclined in front, 
but never elongated in the form of a 
beak. The antenne are bristle-like, and 
not so long as the body; the prothorax 
being strongly developed. 

The camel or snake flies (Rhaphidia) 
have the head long and narrow behind, 
and freely articulated with the long and 
narrow prothorax. The latter can also 
move freely at its articulation with the 
segment which follows, and this explains 
how the prothorax is raised, and the 
head bent forward in the characteristic 
attitude these insects always adopt when 
about to seize their prey, which consists 
usually of various small insects. 

The European alder-fly (Sialis lutaria) 
is at first sight rather like a caddis-fly, 
but has a stouter body, and may be 
distinguished by its more completely 
developed mouth organs, as well as by 
the different structure of its wings. It 
emerges from the pupa about May or 
June. The winged insects fly slowly and 
heavily, and are to be met with about 


trees and shrubs, or walls and palings, at no great distance 
The female, which is somewhat larger 
than the male, lays her eggs in patches on a plant or 
There may be 
several hundred eggs packed closely together in a single 


from water. 
other object in the vicinity of water. 


cluster; they stand 
upright, being 
cylindrical in form, 
with rounded ends, 
and each terminat- 
ing above in a little 
white projection. 

The larve hatch 
in a few weeks, and 
then find their way 
into water, where 
they creep on the 
mud in search of the 
aquatic creatures 
on which they feed ~ 
When full grown,1, Chrysopa vulgaris ; 
they are about an 


inch long, with a body tapering shghtly towards the head, 
and, more gradually, towards the long and narrow tail. 
The head and three thoracic rings are horny, the rest of 
the body havingasofterintegument. Thelarva, which has 


2, the tip of its wing; 


COMMON SCORPION-FLY 


1, female depositing her eggs; 2, male; 3, larva 


strong legs and can walk well, breathes by means of trac 

heal gills, having the form of jointed appendages attached 
in pairs to thesides of the first seven abdominal segments. 
When the time for pupation arrives, generally about May 


or June, the larva 
leaves the water 
and seeks a place 
to bury itself in 
the earth. Hav- 
ing excavated a 
little cell, it 
throws off the 
larva skin and 
becomes a pupa, 
which has the legs 


» 4, pupa and wings free 


from the body, but enclosed in special sheaths. After a 


few weeks longer it is transformed into the perfect insect. 
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I, eggs; 2, larva; 3, pupa; 4, imago 
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Hemerobius hirtus 


of its hind b 
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3, larva; 4, pupa; 


MANTIS-FLIES 


The lace-wing flies, ant-lions, mantis-flies, and some 


other families, have been associated in a 
third group of Planipennia, to which the 
name Megaloptera is given. In all, the 
wings are relatively large and closely 
reticulated ; the prothorax being variable 
in size and form, and the joints of the 
tarsi not dilated. The mantis-flies (Man- 
tispide) take their name from the shape 
of the forelegs, and their position near the 
front end of the long prothorax, in which 
respect they resemble the mantis, or 
praying, insect. One species is common 
in South Europe. The larve live para- 
sitically in the nests of spiders and tree- 
wasps, and, while they are at first free 
and active, they afterwards become 
almost legless, like those of certain beetles. 
The allied family Nemopteride is mainly 
characteristic of the countries around the 
Mediterranean Sea. These insects have 
elongated and narrower, or almost linear. 
hind wings, often widened out a little 
before the tip. 


ANT-LIONS 
The ant-lions (Myrmeleontide) may be 


recognised by their clubbed antenne, and their long 
and closely reticulated wings, rounded off to an obtuse 


e extremity. 
European species the common ant-lion 
foymicartus) is one of the best known. It 
Sarit lives in pine-woods. 
é 2 The winged insect, 
which may be seen 
in July and Sept- 
ember, rests during 
the day clinging to 
a plant, with its 
wings spread like a 
roof over the hind 
part of its body. 
At sunset it be- 
, comes active, and 
executes a slow 
_—  sCthipht iagits search 
after food or a mate. 
The larva, to which 
the name ant-lion 


5, 6, cocoon; 7, egg; 8, 


properly belongs, has the habit of making pitfalls 
to entrap its prey. It is somewhat oval in the shape 


ody, and has a narrow prothorax resembling 
a rather big head, provided with a pair of 


ORTHOPTERA 


long, curved, and sharply pointed mandibles, each of 
which has three teeth on the inner side. Its body is 
arched up in the middle, and has wart-like protuberances 
thickly covered with hairs at the sides. 

When about to make a, pit, the ant-lion selects a 
dry and sandy spot, and begins by tracing out a cir- 
cular furrow to mark its outer limit. Placing itself 
inside the circle, it buries its abdomen in the sand, and 
then proceeds with the work of excavation. With 
one of its fore legs it shovels the sand on to its large, flat 
head, to which it then gives a sudden jerk, and sends 
the sand out over the border. It repeats this process, 
walking backwards and maintaining a spiral course 
all the while, until finally it reaches the centre of the 
cavity. Sometimes, however, instead of continuing 
to work altogether in one direction, it turns round and 
works the opposite way, thus giving relief to the leg 
which had previously been employed. And, as the 
sand is always taken from the inner side, it is the leg 
on that side which is always used asa shovel. The pit, 
when completed, is shaped like the mouth of a funnel, 
being wide above and gradually narrowed to the 
bottom. Its size is adapted to the size of the larva, 
which when full grown makes a pit about two inches 
deep, and _ three 
inches wide at the 
top. 

BuEed) sin) othe 
sand at the bottom, 
with only its an- 
tenne and the tips 
of its mandibles 
projecting, the ant- 
lion waits until an 
ant or some other 
creature falls down 
the loose sides of 
the pit, when it is 
immediately seized 
with the pincer-like 
jaws, and retained 
until all the juices 
of its body have 
been sucked out, 
and nothing left 


es 


but the dry and Larva Imago Pupa 
LIFE-HISTORY OF THE ANT-LION 


shrivelled skin. The 
latter is cast out- 
side the pit, and the larva again lies in wait. If by 
chance the victim should escape the first onslaught, 
and endeavour to scramble up the sides of the pit, its 
attempt is soon frustrated, for the ant-lion throws up 
sand with its head, causing the victim to tumble once 
more to the bottom. 


LACE-WING FLIES 

The lace-wing flies (Hemerobtide and Chrysopide) 
are smaller and more delicate insects than the ant- 
lions, and have setiform antenne. The golden-eyed 
fly (Chrysopa vulgaris) figured on page 1978, may be taken 
asa typical species. It is slender, with long and richly 
veined wings of a tender green colour,, as is also the 
body. Its antenne are long and tapering, and its 
prominent eyes shine like hemispheres of gold. The 
larve of the lace-wings are not unlike the ant-lion, 
although somewhat longer and narrower in proportion 
to the size of their bodies, and less hairy. Their 
mandibles, moreover, have no teeth on the inner 
side. In their carnivorous habits they resemble ant- 
lions, but, instead of making pits and remaining 
stationary, they rove about in search of their prey, 
which consists of the different kinds of green-fly and 
plant-lice. 


ORTHOP TERA 


This order being taken to include, not only the true 
Orthoptera, but various other groups formerly placed 
in the Neuroptera, and hence known as Pseudoneurop- 
tera, it is necessary in defining the group to mention 
only such characters as are common to the whole of 
these insects. None of the members of the group 
undergo a distinct metamorphosis ; the development 
from the larval to the adult condition taking place by 
a succession of changes, and the perfect insects being 
distinguishable from advanced larve by little more 
than the possession of complete wings. The wings are, 
however, in some cases confined to one sex, while in 
others they are altogether wanting in both sexes. The 
mouth organs, when not reduced to a functionless con- 
dition, are adapted to biting ; the lower lip (labium) is 
nearly always divided in the middle at its free end, 
and each of the two halves often subdivided into a pair 
of lobes. On the floor of the mouth, concealed by the 
labium, there is, as a rule, a membranous or more or 
less horny structure, known as the tongue (lingua), 
which is free from the labium in its anterior part. 

Though poor in the number of species, as compared 
with some other 
orders, the Orthop- 
tera contain many 
of the most in- 
teresting forms of 
insect life; some, 
like the leaf and 
stick insects, re- 
markable for their 
size and the variety 
of their protective 
disguises, others, as 
the white ants, for 
the wonderful de- 
velopment of their 
social habits. The 
day-flies are noted 
for their short lives, 
the dragon-flies for 
their beauty, while 
many other forms 
are well known from 
some particular 
feature or habit 

In past epochs of the earth’s. history Orthoptera 
were well represented, their remains being found in 
rocks of various ages extending back to Paleozoic 
times. The oldest reputed insect is known by the 
impression of an orthopterous wing (Paleoblattina), 
from the Silurian sandstone of Calvados in France. 
There is some doubt as to which group of the order 
the insect belonged, and even as to whether the 
impression owed its origin to an insect at all. 

However this may be, traces of undoubted Orthoptera, 
as well as of Neuroptera, are met with in rocks of 
Devonian and Carboniferous ages. The Orthoptera 
of the latter period included numerous cockroaches 
(Blattide), together with stick-insects, ephemerids, and 
dragon-flies, some of which greatly exceed in size any 
existing form. One of the dragon-flies (Meganeura 
monyt) was 13 inches in the length of its body, and 
each of its wings was quite a foot long. 


PSEUDONEUROPTERA 


The Pseudoneuroptera are distinguished from the 
Neuroptera by the absence of a pupal stage. While 
agreeing in this respect with the typical Orthoptera, 
these insects differ by certain characters not generally 
considered of the first importance. Both pairs of 
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wings in this group are thin and membranous, 
resembling one another in structure, and the hind 
wings do not fold up; whereas in the true Orthoptera 
the fore wings are usually thicker and harder than 
the hind wings,vand the latter are capable of being 
folded like a fan. 


DRAGON-FLIES 

The first group is that of the dragon-flies (Odonata), 
the general appearance of which is too well known to 
need description. All have a large head, the sides of 
which are covered almost entirely by the two big, 
glassy-looking, compound eyes, while on its crown are 
two or three small simple ocelli. Each of the short 
and bristle-like antenne has a stouter basal portion 
by which it is inserted on the forehead. The mouth 
faces downwards, and has a _ large semicircular lip 
(labrum) in front, the jaws being strong, horny, and 
well provided with iceth. The maxille are without 
palpi, but their narrow and palp-like outer lobe is 
often regarded as the real palp. 

Succeeding the jaws behind is the lower lip (labium), 
which at its free end is usually slightly cleft in the 


middle, while its palpi take the form of two dilated 


and often two-jointed lateral lobes, these lobes some- 
times overlapping one another in front to hide the 
free end of the lip. The thick and cylindrical thorax 
is followed by a long slender abdomen, which usually 
carries at the end two leaf-like or pincer-like appendages. 
When looked at from the side the two hinder segments 
of the thorax appear oblique, 
with the wings set rather far 
back above, and thelegs pushed ,~ 
forward below. The wings are 
long, transparent, and traversed 
by a rich network of veins. 
The legs are often spiny, and 
their tarsi are always three- 
jointed. The position of the 
accessory organs of the male on 
the under side of the second 
abdominal ring is a _ feature 
distinguishing dragon-flies from 
other insects. 

The female dragon-fly deposits © 
her eggs in such a position that 
the larve, when hatched, find 
themselves either in_ their 
natural element, the water, or very close to it. 
In some species the female, accompanied by the 
male, goes under the water to lay her eggs; others 
drop them into the water; while in many species 
the female makes incisions in some aquatic plant # 
and there deposits her eggs. The larve are even | 
more fiercely carnivorous than the adult, and are 
distinguished from all other aquatic larve by the 
possession of a peculiar structure fixed under the 
head, known as the mask. 

In their mode of respiration dragon-fly larve are = 
also peculiar, some being provided with external ~ 
tracheal gills—in the form of three leaflets placed 


expelled it serves to propel the insect forwards at a 
rapid rate. ; 
The larve live about ten or twelve months, during 
which time they undergo several moults, rudiments 
of wings appearing some time before the final trans- 
formation. When this is about to take place the 
larva leaves the water by climbing the stem of a plant, 
or to some other dry spot. As the time approaches, 
its eyes, which were before dull and opaque, become 
bright and transparent. Its skin dries up, and soon 
begins to crack along the middle of the thorax; the 
thorax appears through the tleft, and swelling up 
causes it to extend; the head is next disengaged, 
and the legs are then drawn out of their sheath. The 
insect now throws its head farther and farther back, 
and by this means gradually frees the hinder part of 
its body with the exception of the last few segments, 
which still remain enclosed in the larval skin. After 
a while it suddenly bends its body forwards, grasps 
the sides of the sheath with its legs, and, doubling 
up its abdomen, finally extricates the rest of its body. 
Dragon-flies are divided into three families, of 
which the first two havé’more in common with one 
another than with the third. The Lvibellulide are 
distinguished by their comparatively stout bodies ; 
by the size of their eyes, which cover almost all the 
sides of the head, and very nearly meet on its crown ; 
and by the structure of their lower lip, in which the 
median terminal piece is short and slightly divided 
at the end, while the very broad palps spread out 
and overlap it in front. The last character is 


“=> useful in distinguishing the Lzbellulide from the 
‘. next family, which in many respects they resemble. 


Their larve breathe by means of internal gills, 


-/ and have a mask which is hollowed out on the 


' inner side, and somewhat resembles a_ helmet. 
Members of this family are found in most parts 


' of the world, and about twenty species occur in 


| Europe. 
The 4ischnide have eyes even larger than those 
| of the Libellulide. The end piece (ligula) of their 
lower lip is not divided in front, and not exceeded 
in length by the palpi, while 
each of the latter is armed with 
a Strong tooth or spine. The 
3 abdomen is long, narrow, and 
* cylindrical. Their larve are 
more elongate, and have bigger 
, eyes than those of the last 
; family. The flat mask has the 
/ palpi narrow, and armed with 
#% 2 movable hook at the tip. 
| Like the larve of the Libellu- 
; lide, they are provided with 
intestinal gills. Some of the 
biggest dragon-flies belong to 
this family. 

The <Agrionide form a 
family of slender-bodied 
dragon-flies, which have both 
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THE MAY-FLY 


> The upper picture shows an adult male, Pairs of wings shaped nearly 
near the tail end—which serve also to assist in the lower a May-fy imago escaping from alike. : 


They are further dis- 


locomotion, while others breathe by means of gills the skin of the sub-imago ; the larva is tinouished from the other two 


of an exceptional character. The latter are situated 

in the hinder part of the intestine, and consist of six 
longitudinal bands in its walls, crossed by several trans- 
verse folds, supplied with numerous fine branches from 
the tracheal trunks. Water can be sucked in at the 
opening, guarded by five valves at the hind end 
of thé body, and when it becomes vitiated can 
be squirted out again either gently or with con- 
siderable force. When it is suddenly and violently 


in the water below 

families by the shape of the 
head, the smaller size of the eyes, and the structure of 
the lower lip. The head has a projection at each side, at 
the end of which is placed one of the two hemispherical 
eyes, and on the wide space lying between the com- 
pound eyes there are three ocelli arranged in a triangle. 
The lower lip consists at its free end of three parts 
of nearly equal length, the median piece (ligula) being 
notched in the middle, while the two palpi consist of 
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two joints, ot which the first is large and terminates 
im an inwardly curved spine, whereas the second is 
small and articulated with the first outside the base 
of its spine. 

The larve may be known by the three leaf-like 
tracheal gills at the end of their bodies, which are 
wanting or inconspicuous in those of other families. 
This family contains many of the most brilliantly 
and variously coloured 
dragon-flies, the sexes 
of the same _ species 
often differing in colora- 
tion. Some of the exotic 
species attain a great 
Ken oth, but. this is 
brought about by the 
elongation of their 
slencer abdomen with- 
out a corresponding | 
increase in the propor-— 
tions of the other parts 
of the body. 


MAY-FLIES : 

The day-flies, or May- 
flies (Ephemeride), con- 
stituting the second 
group of the Pseudo- 
neuroptera, are com- 
prised in a single family. 


LIFE-HISTORY OF DRAGON-FLIES 


remain concealed in the banks or under stones, while 
others rove among water-reeds, and swim with celerity. 

The larve of some genera are found only in large 
rivers. The eggs are, in some cases, deposited at the 
surface of the water, and then sink to the bottom ; 
but in others the female creeps into the water to lay her 
eggs in patches on the under side of stones. The eggs 


are exceedingly numerous, and vary in shape according 


They have soft and » larval skin of a dragon-fly; 2, larva with mask exserted ; 3, Libellula depressa ;_4, advanced larva of Libellula; 5, the same 


fragile bodies, with a 

long ten-jointed abdomen, bearing at the ‘extremity 
two ‘or three long, bristle-like, and many-jointed 
tails. The hind wings are sometimes wanting, and, 
when present, are always much smaller than the 
front pair, the latter being usually three-sided, 
with the corners rounded off. Three ocelli, in addi- 
tion to the two large compound eyes, are porne 
upon the head, and the antenne are short, and com- 
posed of two stout basal joints, followed by a slender, 
many-jointed bristle. In the adult the mouth organs 
are never well developed, but remain small and soft. 
The jaws have no function to perform, asthe perfect 
insects do not eat. 

The common notion that the life of the May-flies in 
the winged state lasts but a single day is sometimes, 
but not generally, true, many being able to live several 
days, provided the atmosphere be not too dry. There 
are some, however, which do not live for even the pro- 
verbial day, but emerge one evening, only to perish 
before the sun again appears. ‘There is less truth in the 
supposition that these insects appear only in May ; 
May-flies of one species or another being seen on fine 
days throughout the summer and autumn. They are 
to be tound in the neighbourhood of rivers and lakes, 
some flying only by night, and others during the cooler 
hours of sunlight, or on favourable evenings until a little 
after sunset. During the heat of the day they seek 
repose, with their wings raised vertically. If the day 
be cold and raw, they seldom fly, but remain under 
shelter. In fine weather, however, they may some- 
times be: seen assembled together in swarms about 
sundown, till some time after sunset. 

The peculiar up-and-down movement wnich marks 
the flight of some species has been often observed > and 
the mazy dance of the May-flies has been described by 
more than one author. In these dancing assemblies 
the male insects always greatly outnumber those of the 
other sex. The larve of the Ephemeride live in water ; 
a few kinds are carnivorous, but most feed upon the 
minute vegetation scattered through the mud _ or 
covering stones, and the larger aquatic plants, Many 


about to undergo its final transformaticn 


to the genus. The larve cast their skin several times ; 
they are at first without special organs of respiration, 
but when they are about eight or ten days old tracheal 
gills begin to appear and ultimately develop into 
forms which vary somewhat in different genera. The 
gills are attached in pairs to the sides of some, or 
all, of the first seven segments of the abdomen, in some 
species standing out straight from the sides, and in 
others turned over the back. The mouth organs of 
the larve are better developed than in the adult, the 
mandibles being nearly always strong and toothed, and 
sometimes giving off a tusk-like process. 

At their transformation most May-flies do not 
change»directly from the larval form into the imago, 
but first pass through a stage, known as the subimago, 
in which they have their wings expanded, and breathe 
through the spiracles like the perfect insect. In this 
form they are distinguished by the dulness of their 
integument, the shortness of the fore legs and tail- 
bristles, and the less prominent and duller eyes. The 
subimago emerges from the larval skin at the surface 
of the water, and, after standing awhile upon the 
water, flies to a more convenient resting-place. At the 
next moult, which soon follows, the perfect insect 
makes its appearance. The emergence of May-flies 
takes place at different periods during summer and 
autumn, and that of any one species may last for several 
days in succession. At this time they sometimes appear 
in countless numbers, as thick in the air as snowflakes, 
and at the end of their brief existence leave their dead 
bodies to cover land or stream. 

Nearly fifty species, of Ephemeride«are tound in the 
British Isles. DIwo of the commonest (Ephemera 
vulgata and E. danica) are, in the subimago stage, 
known to anglers as “ green drake”’ and “‘ grey drake.” 
They are four-winged species, with a body furnished 
at the end with three very long tails. The fore legs 
are extremely long, especially in the males, which sex 
is distinguished also by the much larger size of its eyes. 
The larve of Z. vulgata burrow in the mud, or hide 
under stones, in ponds and sluggish streams. They 
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have rather long antennez, and the tusks of their man- 
dibles project a good way, and cross one another in 
front of the head. They have six pairs of tracheal 
gills, which are turned up over the back, each gill 
consisting of two narrow blades, united at the base, 
and fringed with hairs along each side. The final 
transformations of the larve occur about the end of 
May or early in June, at which time, on a fine evening, 
the winged insects may sometimes be seen in hundreds, 
dancing in the air. 
STONE-FLIES 

The stone-flies (Perlide), forming the last group of 
Pseudoneuroptera with aquatic larve, are narrow, 
elongated insects of a flattened form, with a good-sized 
head, rather long, many-jointed antenna, and four not 
very Closely reticulated wings, which shut horizontally 
over the body when at rest. The abdomen usually 
carries two long, multiarticulated styles at the extremity 
The mouth organs are weakly developed in the adult 
insects ; the mandibles and maxille are membranous ; 
the maxillary palpi long, with slender terminal joints, 
and the labial palpi three-jointed. The thorax is square 
or oblong, with its three ; 
segments almost equally de- 
veloped. The tarsi are three- 
jointed, and have their claws 
separated by a bilobed pad. 

The species of this family 
are not numerous, though 
some are almost world-wide in 
their distribution. The adults 
appear about the same time 
as dragon-flies and alder-flies, 
and frequent nearly the same 
places. Though they have 
large enough wings, they fly 
heavily, and not for any con- 
siderable distance at a stretch, 
and are generally most active 
in the evening. The female 
fastens her eggs loosely to- 
gether, and drops them in 
masses as she flies over water. 
The larve are mostly found 
in rapid streams, where they 
keep under stones or among broken pieces of wood, 
and live by preying actively upon the weaker creatures 
inhabiting the same waters. They have strongly de- 
veloped jaws and rather long palpi. They breathe by 
means of tracheal gills, in the form of tufts of fila- 
ments, attached to the bases of the legs and the sides 
of the integument which joins the three thoracic and 
the first abdominal rngs to one another. The two 
filamentous tails may have a pair of tracheal tufts at 
their base. 

In later stages of their life the larve exhibit rudi- 
ments of wings. 

When the time for its transformation arrives, the 
full-grown larva, or nymph, leaves the water by climbing 
the stem of a plant, or crawling some distance up the 
bank until it finds a dry stone on which to stand, when 
the emergence of the imago takes place in the usual 
way, preceded first by a splitting of the larval skin along 
the middle of the thorax/ When the insect is free, its 
wings dry rapidly, and it is soon ready to fly. 

A fact of importance, first noticed in the Perlide, 
though it occurs in some other groups, is that the tracheal 
gills are retained by the perfect insects, where they are 
attached in the same places as in the larva, but much 
reduced in size, and probably, in most cases, function- 
less. As an example of the Perlid@, one of the best- 
known British species, Perla bicaudata, is figured on 
this page. 
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TERMITES, OR WHITE ANTS 

The termites, or white ants (Tevmitid@), differ con- 
siderably in one respect from all the other groups of 
Pseudoneuroptera. ‘They live in societies which are of 
a highly organised and complex nature and most resemble 
those met with among insects of the highest type, such 
as bees and ants. This is, however, the only direction 
in which the termites diverge to any extent from the 
rest of the Orthoptera ; for, like all these, they pass from 
the larval to the adult state by a series of gradual 
changes; while in the structure of their bodies they 
show an affinity with some of the lowest groups of the 
order. In the termites the head is free and distinct, 
with the antennz composed of a number of small bead- 
like joints, and rather short. 

The perfect insects have compound eyes, and, as a 
rule, two ocelli; but the wingless individuals are generally 
without eyes of any kind. The mouth parts, which are 
constructed on a clearly orthopterous plan, are not 
very unlike those of a cockroach, and consist of a distinct 
upper lip (labrum), two = ae horny mandibles, a pair 
of two-lobed maxilla with five-jointed palpi, and a 
lower lip (labium), divided at 
the end into four lobes, and 
bearing three-jointed palpi. In 
the thorax the first segment is 
well developed, and its dorsal 
plate, or pronotum, is rather 
broad and flat; the other two 
segments being less strongly 
developed, thoughin the winged 
insects attaining a fair size. 
Both pairs of wings are much 
alike ; they are long, narrow, 
not very closely veined, each 
wing being marked by a trans- 
verse suture at a short dis- 
tance from the base; and in 
a state ot rest they are laid 
flat over the back. The legs 
are slender, and well fitted for 
running, and their tarsi are 
four-jointed. The abdomen 
has a slightly elongated or 
oval form, and carries two 
very short appendages—the cerci—near its extremity. 

The common habitation of a society of white ants 
is known as a nest; and in each nest, which is divided 
into a number of cells, or chambers, communicating 
with one another, there may be found several different 
kinds of individuals in addition to the larve. Some 
are provided with wings, or with the rudiments thereof, 
and are distinguished also by having eyes. . These 
are the sexually developed males and females, which 
are capable of reproducing their kind; though this 
function is, as a rule, carried on by a single couple in 
each nest. The king and queen—as this couple are 
named—are lodged in a large cell near the middle of 
the nest, and may be recognised by their large size, 
and the fact that they retain but small stumps of 
the wings which they once possessed. The royal cell 
is larger than the others, and has thicker walls ; while 
the passages leading into it are too small to afford the 
occupants a means of escape, though large enough to 
admut the workers, which come and go, some to bring 
food to the royal pair, others to carry away the eggs 
laid by the queen. At this time the abdomen of the 
queen, owing to the number of eggs it contains, is 
swollen to an enormous size. ‘‘ She lies there,’’ writes 
Drummond, in reference to one of the African species, 
“a large, loathsome, cylindrical package, 2 or 3 inches 
long, in shape like a sausage, and as white as a bolster.” 
Her eggs are discharged at a rapid rate, amounting 


COMMON STONE-FLY 
1, larva} 2, fly escaping from larval skin; 3, perfect insect 
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in a single day to several thousands, and the process 
is continued with the same activity for months in 
succession, 

Both workers and soldiers are wingless members of 
the community, and, in the majority of species, have 
no eyes. The workers have small and rounded heads, 
with short mandibles, and well-developed maxilla 
and palpi; whereas the soldiers are easily recognised 
by their big, square,or oblong heads, and long mandibles. 
The workers are the most numerous class, and have 
many duties to perform in the way of building, tun- 
nelling, and providing food for the young larve and 
for the king and queen. The soldiers look after the 
protection of the workers, and act generally in defence 
of the community. In one genus there are no true 
mandibulate soldiers ; but there is, instead, a class of 
individuals known as ‘‘ nasuti,’’ from the fact that their 
pear-shaped heads are prolonged in front in the form 
of a beak. The exact part which the nasuti play is 
not yet clearly 
-known; but, like 
the soldiers of other 
species, these indi- 
viduals appear at 
thes test Sign of 
danger, and shake 
their heads and pal- 
pl in a most menac- 
ing- way. The eggs 
of the queen ter- 
mite are, aS men- 
tioned, carried 
away by bodies of 
workers, and placed 
inspecial chambers, 
or nurseries. 

When the young 
larvee are hatched, 
they are at first 
indistinguishable 
from one another, 
and are little blind 
creatures, with soft 
and pale integu- 
ment; and it is 
only after the first 
or second moult 
that they begin to 
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in swarms, and at night sometimes enter houses, being 
attracted by the light. Many are devoured by birds, 
which seize them as they leave the nest. When they 
have finished their flight, and alight on the ground, 
they shed their wings, which easily snap off at the line 
of suture near the base. If a couple, chancing to be 
near a termite burrow, are found by some workers, 
they are brought in, a royal cell is prepared for them, 
and, as king and queen, they become the parents of a 
new colony. 

Some larve develop into individuals which, although 
fitted to perform the functions of perfect insects, 
never possess complete wings, but are provided at 
most with wing-pads, or rudiments of wings. These 
individuals, which somewhat. resemble the nymphs of 
the perfect insects, are known as substitution kings and 
queens, and take the place of true royal couples, when 
from any cause the latter are not to be found. 

The food of white ants consists ordinarily of decaying 
wood, or similar 
vegetable matter, 
which, when it has 
passed in a half- 
digested state 
Bhiiowe hy che dar 
bodies, is eaten 
again. These in- 
sects have also the 
habit of devouring 
their dead, which 
makes it possible to 
destroy a whole 
colony by placing 
a little arsenic or 
mercuric chloride 
in their food; for 
the few that die 
through first par- 
taking of the poison 
are eaten by others, 
which in their turn 
are also devoured, 
and so the poison 
is spread through 
the entire popula- 
tion. 

About two hun- 
dred species of ter- 


show those differ- 
ences which subse- 
quently distinguish 
the larve of the 
various classes. They are fed with a special kind of 
food, consisting of comminuted dead wood, mixed with 
saliva, which certain of the workers prepare for them. 
By varying the quantity and quality of the food sup- 
plied, the termites appear able to arrest or deviate the 
development of larve that would, in the ordinary 
course, become perfect insects, or, in other words, they 
can produce workers and soldiers from larvae which, 
if fed upon a different diet, might develop into winged 
insects fitted to become kings and queens. And it has 
been shown that neither the soldiers nor the workers 
of the termites belong to one particular sex only, as is 
the case with the neuters of bees and ants, but that 
individuals of both sexes, in an imperfect sexual con- 
dition, are comprised in each class. 

The winged insects into which many of the larvze 
develop are most abundant at certain periods of the 
vear, especially after rains; they do not remain long 
in the nest, but, after a few days at the most, make 
their way out, or are led out by the workers, and shortly 
afterwards take flight. They may often be seen flying 


1, male of Termes dirus ; 


front view ; 6, 7, soldier, side and front view ; 8, worker (much enlarged); 9, nymph; ro, queen 
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chiefly the tropical 
and subtropical parts of the world, although two small 
species are found in the south of Europe. Some 
species live in hollows they have eaten out in the in- 
terior of the trunks and branches of trees, or in timber. 
They line the galleries they make, which are often 
so close together as to be separated only by a thin 
wall, the wood in the interior being almost all eaten away. 
A few make openings to the exterior, and form nests 
around the branches of trees; these nests being 
sometimes as large as a sugar-barrel, though the size 
varies considerably. The nests of most species are 
usually placed entirely below the level of the ground, 
and often lie beneath mounds of earth raised above the 
surface. 

Some of the larger African species, such as Tevmes 
bellicosus, build mounds of earth, frequently reaching 
a height of 12 or 14 feet. These mounds, which may 
stand singly or in groups of varying size, are divided 
inside into chambers and galleries communicating 
with one another and with the nests and galleries 
underground. The nests of this kind, which consist 
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HOUSE-CRICKET AND FIELD-CRICKETS 


1, male, 2, female, with, 3, young, and, 4, old larve of field-cricket ; 5, male of house-cricket 


almost entirely of clay, become in time quite hard and 
solid, and are much more durable than those which are 
composed of particles of dead wood pasted together 
with sticky saliva or with excrementitious matter. 
From the central nests termites construct underground 
galleries or tunnels leading in different 
directions, and sometimes reaching 
hundreds of feet in length. When it 
is necessary for the workers to go 
above ground in search of food, they 
protect themselves by building covered 
ways leading to the object they desire. 

Their tunnels sometimes lead to the 
interior of houses, and when once ter- 
mites gain admittance in this way 
there is scarcely any limit to the mis- 
chief which may result from their 
operations. The wooden pillars that 
support the roof, the woodwork of 
the roof itself, and even articles of 
furniture, may be destroyed before 
the inhabitants become aware of what is taking place. 
For in tunnelling through wood termites take care 
to leave the outer shell intact ; and what appears on 
the outside to be a solid piece of wood may consist 
in the interior of nothing but a series of galleries lined 
with white-ant mortar. 

These insects easily make their’ way into wooden 
boxes, and quickly destroy the books, papers, clothing, 
or whatever else they contain. The rapidity with 
which they work is remarkable, and in a single night 
they have been known to burrow up through the leg 
of a table, then across the table, stopping on the way 
to.devour the articles lying 
on it, and down through 
another leg into the floor 
again. Forest trees, also, 
are often ruined by the 
action of termites which, 
in order to get at the dead 
branches, will sometimes 
bore their way up through 
the trunk, and thus bring 
about its premature decay. 


BOOK-LICE 


The book-lice and the 
other insects classed with 
them in the family Psocide 
form another small group 
of Pseudoneuroptera. They 
are mostly very small in- 
sects, witha proportionately 
big head, swollen in front, 
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and carrying prominent 
eyes, three ocelli, and 
bristle-like antenne. Their 
mandibles are horny at the 
tip, but the other parts of 
the mouth are usually soft 
and membranous; the 
maxilla being bilobed, with 
four-jointed palpi, and the 
palps of the bifid labium 
rudimentary. The middle 
segment of the thorax is 
the largest, and the pro- 
thorax is usually very short 
and narrow. 

The wings, which are 
wanting in some species, 
are slanting in repose, like 
the sides of a roof and 
cover over the abdomen; they are of an almost 
glassy transparency, and have, as a rule, an open 
system of neuration. “Eke tarsi are composed of two 
or three joints. Most species of Psocid@ live in the 
open air, and feed on fungi, lichens, and the fragments 
of other plants ; the largest European 
species (Psocus lineatus) being scarcely 
more than a quarter of an inch long. 


BIRD-LICE 

The Mallophaga, commonly known 
as bird-lice, are small, wingless in- 
sects, resembling ordinary lice to 
some extent, but differing from them 
in many characters, and especially in 
the structure of the mouth, which is 
fitted for takirg food by biting instead 
of sucking. They form a distinct 
group, now generally placed in the 
Pseudoneuroptera, though some ento- 
mologists assign it a position near the 
Pediculina, or true lice. 

The bird-lice are flat-bodied insects, with a broad 
head, varying a good dealin form, and a thorax which 
usually appears to consist of only two segments. Their 
antenne are short, and composed of three, four, or five 
joints ; and their eyes, when present, are simple. The 
mandibles appear as short hooks, sometimes toothed 
on the inner side; the maxille are short, and said to 
be always palpless; while the lower lip is distinct, 
and often bears palpi. The legs are short and stout, 
and have two-jointed tarsi, each of which carries at 
the end either one or two claws. As bird-lice are 
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CRICKETS 


found on mammals as well as on birds 
1s to some extent misleading. 


TRUE ORTHOPTERA 


_The insects of the suborder Orthoptera genuina 
differ chiefly from those of the last group in the charac- 
ters of their wings, which are usually 
stiff and tough, and in some cases horny, 
serve aS wing-covers, and are generally 
spoken of as elytra; whereas the hind 
pair are membranous, and capable of 
being folded longitudinally, or both 
longitudinally and transversely. The 
division of the ligula, or terminal piece 
of the lower lip, into two or four lobes 
is usually more complete than in the 
Pseudoneuroptera. 

It is usual to divide the true Orthop- 
tera into two series or tribes—the Salta- 
toria, with strongly developed hind legs, 
‘adapted for leaping, and the Cursoria, 
in which the hind legs are not thus 
developed, but are better fitted for use 
in running and walking. The Saltatoria, 
or jumpers, are sometimes spoken of as 
the musical Orthoptera, since the males 
of nearly all these insects, such as crickets, grasshoppers, 
and locusts, produce loud, chirping sounds. 

The females are supposed to be attracted by the chirp- 
ing of the males ; they seldom emit any sound themselves, 
and when they do it is generally of a very feeble charac- 
ter. It is probable that most insects can hear, but 
by what means they do so is, in the majority of cases, 
to a great extent a matter of conjecture. The salta- 
torial Orthoptera are, however, remarkable in possessing 
very definite organs of hearing. 


CRICKETS 


The crickets (Gryllid@), which form the first family of 
the suborder, have a somewhat rounded head, support- 
ing long, whip-like antenna. Their mandibles are 
strong and toothed ; the inner lobe of the maxille being 
devoid of teeth, and the outer one long and slender. 
The fore wings, or elytra, do not differ from one another 
in structure, and, when at rest, are closely applied to the 
somewhat thick and massive hind body. The hind 
wings are folded many times, and may generally be 
seen projecting beyond the tips of the elytra. The hind 
legs are generally used in jumping, while the other two 
pairs are better adapted for walking, although in the 
mole-crickets the fore legs are thickened and otherwise 
modified for use in burrowing. The tarsi of all the legs 


are composed of either two or three joints. The abdomen 
bears two flexible, velvety appendages, and in females it 
usually carries also a long exserted ovipositor. 
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The chirping of crickets is produced by rubbing the 
base of one elytron over the other; in which respect 
these insects differ from most grasshoppers and locusts, 
and resemble. only those grasshoppers with long 
antenne which belong to the family Locustide. They 
resemble the latter also in having their organs of 
hearing placed on the fore legs. These organs are lodged 
in the upper part of the tibia, a little below their 
articulation with the femora, and consist externally 
of two small depressions, or pits, on opposite sides of 
each tibia, with a thin membrane stretched across the 
bottom of each depression. Inside the leg a tracheal 
vessel widens out between the two tympanic membranes 
to form a vesicular expansion. 

Crickets are found all over the world, but only four 
species are British. Of these, one (Nemobius sylvestris) 
may be recognised by its small size, being little more 
than a third of an ‘inch long. It is usually found 
among the dead leaves in woods, and appears to be 
restricted in its range to the southern counties. The 
field-cricket (Gryllus campestris), which sometimes 
measures an inch in length, is generally ot a black colour, 
and lives in dry fields, where it is often heard, though 
seldom seen on account of its retiring habits. The house- 
cricket (G. domesticus) has a reddish brown colour, and 
is somewhat smaller than the field-cricket. It has well- 
developed wings, and the female has a long ovipositor. 

The mole-crickets, of which there is one British 
species (Gryllotalpa vulgaris), have such a_ peculiar 
Structure that they are 
easily distinguished from 
all other insects. They 
have a long, smooth, shiny 
prothorax, rather short, 
close-fitting elytra, and 
under wings which, when 
rolled up, look like a tail 
curving down over the tip 
of the abdomen. The abdo- 
men itself carries two long, 
flexible tails. The fore legs 
are thicker, but shorter, 
than the hind legs; they 
have very short tibie, each 
ending below in four 
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strong claws spread out 
like the fingers of a hand. 
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LONG-HORNED GRASSHOPPERS 

Although named Locustid@, this family does not 
comprise the locusts, but includes only those grass- 
hoppers in which the antenne are long and tapering, 
and the tarsi are four-jointed; while the female 1s 
provided with a long ovipositor. Besides these 
characters, there are some others which help to dis- 
tinguish the Locustide from the members of the next 
family. In the present group the organs of hearing are 
placed, as in the crickets, in the tibie of the fore legs, 
and the chirping of the males is produced by the friction 
of the wing-covers over one another. The wing-covers, 
instead of being both alike, as in crickets, exhibit a 
certain amount of difference in structure. 

Taking the male of the large British green grass- 
hopper as an example, it will be'seen that on the portion 
of the right elytron which folds horizontally over the 
trunk there is, near the base, a somewhat irregularly 
circular area, which has a glistening appearance, like 
a piece of talc. This area is bordered by a strong, 
prominent vein. In a corresponding position on the 
left elytron, which, when closed, overlaps the right, 
there are also some 
thick, transverse | 
veins, but the cells 
enclosed by these 
veins have a simi- 
lar texture to the 
rest of the mem- 
brane. When the 
insect rubs its left 
elytron rapidly 
over the right, the - 
veins projecting on 
the under srde 
scrape on the mar- 
gin of the mirror 
and set the latter 
in vibration, thus 
giving rise to the 
well-known sound. 
The chirping of the 
Locustid@é is gener- 
ally louder and 
more prolonged 
than in the other 
grasshoppers. In 
certain North 
American — species 
known as_ katy- 
dids, the song. seems 
to consist of these words repeated again and again, 
with a slight variation. 

The life-history of the Locustide@, so far as it is 
known, does not differ in any essential respect from that 
of the Acridiide. It is probable that in most cases the 
female uses her long ovipositor to lay her eggs at some 
depth in the ground. ‘These grasshoppers are less her- 
bivorous in their habits than those belonging to the 
next family. The Locustid@ are most numerous in 
species in America and Asia, there being not many 
more than two hundred species in Europe, of which 
about ten are British. 

In the large green grasshopper (Locusta vividissima), 
which is nearly an inch and a half long, and is easily 
distinguished by its size from all the other British 
species, the male makes a harsh and strident noise, 
by which attention is attracted, when otherwise, owing 
to its green colour, it might altogether escape notice. 
Green is the prevailing tint in very many species 
of this family. In some species the elytra have the 
most exquisite resemblance in colour and venation 
to green leaves’ while in others they look more like 
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withered leaves. Nowhere is this style of protective 
coloration better displayed than in the exotic genera 
Cycloptera and Pterochroza, one of the species of which 
is figured in colours on page 106. The shape, colour, 
and venation of the wings are not only exactly like 
those of leaves, but there may be seen, here and there, 
little glistening, transparent patches of cuticle, which 
reveal, as it were, the work of an insect grub. In others, 
fungi seem to grow on the leaves. 

Among the species of the family remarkable in other 
respects we have space to mention only a few. In the 
genus Hetrodes the adult insects of both sexes are 
without wings; the prothorax is very large, and is 
armed above with a number of spines. An idea of the 
general appearance of the adult insect may be gathered 
from the figure of Hetrodes spinulosus. This species is 
found in Arabia and Syria. 

For the sake of contrast the male and female of a 


small British grasshopper (Meconema varium) are 
figured beside it. The latter is winged in both 
sexes; it is found in oak-trees, and belongs to a 
subfamily which is “peculiar from the fact that 
the elytra of the 
male have no stri- 


dulating organs. 


LOCUST TRIBE 


The locusts and 
short-horned grass- 
hoppers (Acridiide) 
are distinguished by 
easily recognised 
characters from the 
other two families of 
the suborder. The 
antenne are short, 
seldom attaining 
more than half the 
length of the body, 
the tarsi are three- 
jointed, and_ the 
female always has 
a very short ovi- 
positor. They differ 
also in the position 
of the auditory 
organs, and in the 
mode by which the 
males produce the 
chirping. In these 
insects the organs 
of hearing appear externally as two pits, somewhat 
crescentic or semilunar in shape, placed one on each 
side of the first abdominal segment, immediately behind 
the thorax. At the bottom of each pit there is a tense 
membrane, which on its inner side is brought into 
relation with fhe terminal rods and fibres of a nerve 
which arises from the last thoracic ganglion. 

It was thought that these pits were in some way 
concerned in the production of sound, but it is evident 
from their structure that this is not the case, while 
they really seem capable of serving no other function 
than that of ears. Moreover, it is now known that the 
chirping of these insects is produced by rubbing the 
hind legs up and down against some of the projecting 
nervures in the sides of the closed elytra. When the 
insect is stridulating it keeps the tibia of the leg folded 
up against the femur. In some species the sound is 
heard at both the upward and downward stroke of the 
legs, in others at the downward stroke only. The 
sound varies in intensity in different species, and for 
this reason some of the commoner species may be 
recognised even before they are seen. 
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are winged insects, in which the fore wings, known as 
hemi-elytra, or simply as elytra, always have the form 
described above. Their antenne are either short and 
inconspicuous, as in the water-bugs, or distinctly visible, 
as in the land-bugs, and are generally composed of a 
small number of joints. Asa rule they 
have two compound eyes, and often 
two or three ocelli. The first segment of 
the thorax is usually large, with the © 
head sunk deeply into it. The abdomen 

generally has an oval, flattened form, and 
the legs are mostly slender. With few | ~ 
exceptions, bugs are characterised by a 
peculiar and somewhat unpleasant 
odour, which arise from a liquid secreted 
by special glands placed in front of the 
abdomen, and opening to the exterior ee 
by means of two small apertures on the .° ~ 

ventral surface of the metathorax. 


LAND-BUGS 


Bugs are divided into two tribes 
based upon their mode of existence, 
and the fact that in one tribe—the land-bugs, or 
Geocorisa—the antennz project, and are distinctly 
visible, while in the other—the water-bugs, or 
Hydrocorisa—they are very short, and hidden below 
the eyes. 


SHIELD-BUGS 

The shield - bugs 
(Pentatomatide@), 
which constitute one 
of the largest families 
of the Geocorisa, are 
so called on account 
of their large scutel- 
lum, which reaches at 
least to the middle of 
the abdomen, and 
sometimes quite to its 


CALOCORIS STRIATELLUS 


given to a species with a very large scutellum, found 
throughout nearly all Europe. It is of a yellow, dark 
brown, or black colour, with two clear spots on each side 
of the base of the scutellum. Some rather pretty bugs 
of the genus Scutelleva, belonging to the same subfamily, 
and characterised by a similar large 
scutellum, are found in Australia and the 
Eastern Archipelago. They are of a 
short, broad, and convex form, and have 
4 avery fine metallic blue coloration, often 
spotted with bright yellow. 


FOREST-BUGS 


The forest-bugs (Pentatoma) have 
strongly projecting angles to the pro- 
thorax, and also a long triangular scutel- 
lum. The species figured (P. rufipes) is 

_ common throughout Europe, on birch 
and other trees, and renders service by 
destroying certain caterpillars. On page 
1989 are figured three other species of this 
family—A canthosoma dentatum, which. is 
common on willows ; Eurydema olevaceum 
a bluish green or metallic green species, with red or 
white markings, which in some places is injurious to 
plants of the cabbage tribe, but also lives on other 
plants, and has often been seen to prey upon insects ; 
and another common 
species met with near 
the outskirts of woods 
and in fields and 
meadows. 
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The family Coveid@ 
includes a number of 
land-bugs, which vary 
a good deal in form, 
but which possess in 
common the following 
characters: antennz 


extremity, Covering it I, TINGIS AFFINIS; 2, ARADUS CORTICALIS; 3, CIMEX LECTULARIUS; four- jointed, set 


over completely. The 
fore wings are some- 
times chitinised only near the basal margin, especially 
in those species with a very large scutellum. The body 
has in general an elliptical outline, or is shaped 
like a scutcheon, owing to the projecting lateral 
angles of the somewhat hexagonal pronotum. 

These bugs are mostly found 
on low plants, some in conceal- f! 
ment, many showing themselves 
openly, and often attracting 
observation by their striking 
colours. The adults pass the 
winter sheltered under bark or 
dried leaves. In early spring the 
females lay their eggs on the 
foliage of low plants, shrubs, and 
pine-trees. The oval or spherical 
eggs are provided with an oper- 
culum, or lid, and disposed in 
patches resembling honeycomb. 
The larve moult several times in 
the course of their growth, and 
thus gradually effect a change 
in their form and coloration. 
They feed on the juices of plants, or, in some cases, of 
animals, and attain their full size towards the end of 
summer. cur ; 

The European species are rather limited in number, 
but many forms are found in other parts of the world. 
The Hottentot-bug (Eurygaster maurus) is the name 
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rather high up on the 
head; two ocelli 
generally present; scutellum short and triangular ; 
elytral membrane strongly and thickly veined. These 
bugs mostly inhabit the warmer parts of the world, not 
more than about sixty species being found in Europe. 
Their habits are not very well known. Some of the 
European species live during the 
“7 winter under leaves, and when 
=, ,~ (i) + disturbed in their retreat make by 
i their movements a_ peculiar 
rustling sound. In summer they 
are to be found among herbs and 
shrubs seeking their food, or 
they may sometimes be seen 
flying actively in the sunshine. 
The figures—one representing a 
stout, strongly - built insect 
(Syvomastes marginatus), the 
other aspecies (Nezdes tipulartus) 
with a body as slender almost 
as that of a daddy-longlegs— 
| illustrate what considerable 
differences of form are met with 
in this family, even among the 
common European species. 
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LYGAEIDAE 
The Lygeid@, the next family of land-bugs, may be 
characterised as follows: antennz four-jointed, arising 
from below an imaginary line drawn from the middle 
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of the eye to the base of the rostrum ; twe ocelli usually 
present, and placed close to the compound eyes ; sheath 
of rostrum composed of four nearly equal joints ; 
scutellum short and triangular; membrane of elytra 
traversed by four or five longitudinal veins. They 
live for the most part under stones, dead leaves, or moss 
at the foot of trees, where they are often found together 
in large numbers; and it is from their love of such 
obscure places that the name Lygewus has been given to 
the typical genus. They feed on the juices of plants or 
the dead bodies of other insects. A few species only 
show themselves in broad daylight. 

The species of the genus Pyrrhocoris, and others 
associated in the same subfamily, are distinguished by 
the fact that they have no ocelli. P. apterus is a 
common and widely-spread European species, occasion- 
ally met with in Britain, which may be known by its 
red and black colours, and the want of hind wings, as 
well as of a membranous part of its elytra. 


PLANT-BUGS 

The plant-bugs (Phytocoride) have the following 
characters. Head triangular in shape, tricarinate above 
and without ocelli; antennez long, four-jointed, with 
the second joint longest, and the last two very slender ; 
rostrum four-jointed, resting against the under side of 
the thorax, and almost reaching to the end of it; tarsi 
three-jointed ; elytra with an appendix, or smaller 
angular piece, divided off by a transverse suture from 
the rest of the coriaceous part of the elytra, and coming 
between it and the membrane. This family is well 
represented in temperate regions, and about three 
hundred European species are known. They are mostly 
soft-bodied, fragile bugs, presenting a considerable 
variety of colour, of which green is in many cases the 
predominant tint. They live principally on honey, and 


are to be found on flowers and in meadows. Phytocoris 
tripustulatus, a species with black elytra, marked with 
three orange spots on the outer margin, is common on 
nettles. 


Another species (Calocorts striatellus), widely 
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to the membranous or vesicular lobes with which the 
thorax, abdomen, and elytra are often furnished. For 
this reason they are sometimes known as membrana- 
ceous bugs. The species of the genus Tzngis are 
seldom more than one-sixth of an inch long, and 
distinguished by the knob-like ends to their antenne, 
as well as by the foliaceous expansion of their thorax 
and the extension of the latter behind to cover the 
scutellum. The common 7. affints may be recognised 
by the brown colour of its body, its transparent borders, 
with transverse brown nervures, and the X-shaped spot 
on the middle of each elytron. This species may be 
found on sandy soil among the roots of grasses, or under 
plants, such as wormwood, belonging to the genus 
Artemisia. 

Another species (T. pyvz) is noted for the injury it 
does to pear-trees, by pricking holes in hundreds on the 
under side of the leaves and extracting the sap. It is of 
a brown colour, with pale yellow or white elytra, 
marked with a brown spot at the base, and another at 
the extremity. Avadus corticalis is a common species, 
found under bark, whickys figured on page Ig9qI to 
give an idea of the flattened form and membranous 
appearance of the bugs of the subfamily Aradine. 
These bugs have a longer rostrum and more cylindrical 
antenne than those of the T7ngztine. 

The bed-bug (Cimex lectularius), which also belongs 
to this family, is a wingless species, with four-jointed 
antenne, and a beak composed also of four joints, 
which can be turned back to le in a groove under the 
throat. The shape of the insect may be seen from 
the figure, as well as the two lobes lying at the sides 
of the scutellum, which are all it has in the way of 
elytra. Closely allied species are found in dovecots, 
and in the nests of martins and swifts. 


REDUVIID/E 

The Reduviide are predaceous bugs, in which the 
head, narrowed behind in the form of a neck, carries 
two ocelli in addition to the compound eyes. Their 
antenne are composed of four joints, though 
these are often subdivided in such a way 
that the number may appear much greater. 
The rostrum is short and strong, and three- 
jointed ; their legs are long, and have three- 
jointed tarsi; and the fore legs often serve 
as prehensile organs, their tarsi being specially 
adapted for that purpose. Reduvius fper- 
sonatus, the largest British species, is three- 
quarters of an inch long, of a black-brown 
colour, with red legs, which, as well as the 
prothorax and antenne, are somewhat hairy. 

The Saldid@, which, on account of their 
large projecting eyes, are sometimes known 
as Oculati, form, with the next family, a 
sort of transitional group between the land- 
bugs and water-bugs. They live in the 
neighbourhood of water, either by the sea- 
shore or along the sandy banks of inland 
waters ; and not only run with great rapidity, 
but often advance with leaps and bounds, 
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distributed throughout Europe, and met with chiefly on 
umbelliferous plants, is figured on page 1991. 
FLOWER-BUGS 

The Acanthiide form a family of mostly very small 
bugs, which are usually without ocelli, and have a 
three-jointed beak—lodged in a groove under the side 
of the head—and two-jointed tarsi. These bugs 
frequently have a somewhat peculiar appearance, owing 


for this mode of locomotion. One of the 
species of the typical genus Salda is repre- 
sented in the illustration. 


POND-SKATERS 

The pond-skaters (Hydvometride) have moderately 
long, conspicuous antenne, and present other points of 
structure showing that they are nearly related to 
the true land-bugs. In some species wings, and in 
others elytra also, may be wanting. These insects 
may be seen walking or gliding about on the sunny 
surface of stagnant or slow-flowing waters ; and those 


1992 


. 


of one genus (Halobates) are » 
found on the surface of the 
sea, sometimes right out in 
mid-ocean. The true pond- 
skaters (Gerris), move about 
very quickly on the surface § 
of the water, and use their 
fore legs in seizing their prey. ‘ 
Limnobates stagnorum is a 
more sluggish insect, walking 
slowly on the surface of the 
water or on the grassy banks ; 
andis remarkable for its elon- 
gated, slender body, whence . 
its name of needle-bug_ or 
water-gnat. This species is = 
figured on this page, together 
with Gerris paludum and the 
larva of Velia currens. 


WATER-BUGS 


The water-bugs, Hydro- 
corisa, are distinguished from 
the land-bugs, not only by §& 
their mode of life, but also 
by their short, inconspicuous 
antenne, and are mostly dull f 
and uniformly coloured insects, 
frequenting stagnant waters, / 
where they swim, some on ~-}{ 
their back, others with the | 
back uppermost, 


WATER-SCORPIONS 
Of the two families, the 


BRITISH WATER-BUGS 


water-scorpions (Nepide) have 1, water boatman (Notonecta glauca) ; 2, water scorpion (Nepa cinerea), with, 3, its larva and, 4, its eggs; 5 
a small, narrow head, and Naucoris cimicoides ; 6, Corixa geoffroyi; 7, Ranatra linearis: 8, Limnobates stagnorum; 9g, pond-skater (Gerris 
’ , 


their fore legs are specially 
modified to serve as prehensile organs. Whereas some 
swim actively, others drag themselves slowly along 
the bottom of the ponds in which they live. They 
are furnished with an appendage looking like a long 
tail, but consisting of two separate pieces, grooved on 
their inner surface, and capable of being locked closely 
together to form a tube, which leads to the two 
spiracles placed at the hind end of the body. When 
the insects come up to breathe, the tip of this breath- 
ing-tube may be seen emerging just at the surface of 
the water. The form of the body is in some (Nepa) 
broad and flat ; in others (Ranatva) elongated. The 
female of Nepa lays her eggs in chains on aquatic 
plants, and each egg has seven short processes radiating 
from one end. The eggs of the Ranatra are laid one by 
one in notches, which the female makes in the stems 
of the plant. Certain exotic species of this family 
are remarkable for their great size, attaining in the 
genus Belostoma a length of over four inches. 


WATER-BOATMEN 


The water-boatmen (Notonectide) may be recognised 
by the large, broad head without ocelli, and the short, 
thick rostrum. They have long hind legs fringed with 
hairs on one side, which they use like oars in swim- 
ming. When the insect comes to the surface to breathe, 
it rests with these long legs, stretched out like a 
boatman leaning on his sculls. Though the name 
Notonectid@ has reference to their mode of swimming 
on the back, this habit is not characteristic of all the 
species. All are predaceous bugs, like all the rest of the 
same tribe, and are found abundantly in stagnant 
waters. Two of the common species, Notonecta glauca 
and Corixa geoffroyt are figured above. 


paludum), with, ro, its eggs and larve ; 11, larva of Velia currens 


HOMOPTERA 


The Homoptera present much greater variety in 
external form than the insects of the preceding group, 
from which they differ in the following characters. 
The beak arises from the lower and hinder part of the 
head, and is, therefore, almost completely hidden from 
view. The fore wings are, when present, of the same 
texture throughout the whole of their extent, and 
in many cases placed slanting, like the sides of a roof, 
when at rest. All the members of the section live by 
sucking the juices of plants; the females being often 
provided with a horny ovipositor—generally composed 
of three toothed plates, sheathed by two valves—for 
the purpose of making incisions in plants where the eggs 
are deposited. Unlike most bugs, they are not odori- 
ferous insects, although many have special glands for 
the secretion of a kind of white waxy substance, often 
seen covering part of their body. 


CICADAS 


The cicadas (Cicadid@) are stout-bodied insects, 
with a short, broad head, bearing prominent lateral 
eyes, and three distinct ocelli, which are often brightly 
coloured and resemble tiny jewels set near the middle 
of the forehead. The short antennz are like small 
bristles inserted on the sides of the head just below 
the front margin of the eyes. The prothorax is short 
and broad, and the mesothorax also broad, on the upper 
side stretching back some distance behind to form a 
kind of shield. The fore wings are longer than the 
hind pair, both being often glossy and transparent, 
but sometimes finely coloured and more or less opaque. 

Cicadas remain for a long period in the larval state, 
in many cases for several years; a North American 
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species, Cicada septemdecim, being known as_ the 
seventeen-year locust, since that period is the interval 
between one generation of winged insects and the 
next. They inhabit chiefly the warmer regions of 
the earth, of the four or five hundred species known 
not more than eighteen being found in Europe, and these 
mainly in its southern parts. The song of the cicadas, 
which has been celebrated from very early times, is 
only produced by the male insects. ‘‘ Happy ”’ writes 
a Greek poet, ‘‘ are the cicadas’ lives, for they all have 
voiceless wives.” The pao “ aa 
females are necessarily | 
silent, since they are 
without the special 
apparatus for  pro- 
ducing sound distinc- 
tive of the males. The 
two scaly plates which 
in the latter cover 
the under side of the 
base of the abdomen 
are not, as sometimes 
supposed, the sound- 
producing organs. 
But if one of them be 
stripped off, there 
will be disclosed a 
cavity, divided by an 
oblique horny ridge 
into two portions, the 
inner one somewhat 
irregular in shape, and 
exhibiting tense glis- 
tening membranes in 
its walls, while the 
outer portion is nar- ; y 
row, and opens by a 1,2,LEDRA AURITA; 3, APHROPH- 
narrow mouth towards ORA SPUMARIA, AND 4, 1TS LARVA 
the side. Hidden in the wall of the latter chamber lies 
the membrane which is the chief organ concerned in 
the production of sound. These membranes are set in 
vibration by the contraction and relaxation of a pair of 
strong muscles attached to their inner faces and lying 
inside the body. The other membranes in their neigh- 
bourhood seem to serve the purpose only of modulating 
the sound. The cicadas figured are two of the com- 
moner species from South Europe. Both live on ash- 
trees, although Cicada orni selects by preference the 
manna ash. The specimen 
with its under side exposed 
may be easily recognised as a 
male, on account of the two 
plates, or opercula, covering 
the cavities in which the 
sound-apparatus is lodged. 
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LANTERN-FLIES AND ALLIES 

The lantern-flies and other 
insects included in the family 
Fulgoride are characterised by 
never having more than two 
ocelli, these being placed, one 
on each side, near the inner 
margin of the compound eyes. 
The latter are not large, and below them are inserted 
the short and inconspicuous antenne. The front, 
vertex, and sides of the head are usually separated 
from one another by sharp crests, and the head itself 
is in some cases greatly prolonged in front. The 
fore wings are either similar in texture to the hind 
pair, or else somewhat harder and more leathery. 

The Chinese lantern-fly (Hotinus candelarius), so 
widely distributed in Asia, is one of the best known ; 


the common names said to be given to it in China 
being very suggestive of its luminosity, although so far 
there is no trustworthy evidence to show that it 
possesses any such property. A figure of the great 
lantern-fly (Fulgora lateynaria) is given on page 1995. 

Lantern-flies are nearly all prettily coloured; and 
of the other insects belonging to the same family there 
are some, like those of the genus Fata, rivalling in the 
delicacy of their colours the most beautiful butterflies 
or flowers; while others, as in the genus Flatozdes, 
exhibit that curious mixture of grey and black which, 
in combination with the flattened form of their bodies, 
gives them the most astonishing resemblance to lichen- 
covered bark. The species of Flata and other genera 
are remarkable also for their white tufted tails of wax, 
which are found more especially in the larve, but are 
often present also in the winged insects. These insects 
do not stir far from their food-plant, on which they 
may be seen both in the larval and adult state, clustered 
together in large numbers, somewhat after the manner 
of plant-lice. 

The European species of Fulgovid@ are not remark- 
able for their size or the brilliancy of their colours. 
Issus coleoptvatus is perhaps the largest British species, 
and we figure Cizvius nervosus, another widely dis- 
tributed British and European species, together with 
Pseudophana europea, the sole representative in 
Europe of its genus, and sometimes spoken of as the 
European lantern-fly. 


FROG-HOPPERS 


The frog-hoppers (Cercopide) are mostly small 
insects with a short, broad head and stiff, opaque 
elytra. They usually have two ocelli placed on the 
vertex of the head between the compound eyes, and 
their antennz are inserted, not below the eyes, as in 
the Fulgoride, but between and a little way in front of 
them. These insects can give most vigorous leaps, 
and their hind legs are generally thickened or other- 
wise adapted for that purpose. They feed on various 
plants, and in the summer the frothy masses in which 
their larvee lie concealed may be seen in numbers. It 
is from this habit the larve have of surrounding them- 
selves in a mass of froth, known as cuckoo-spit, that the 
name Aphyrophora (froth-bearing) has been given to 
one of the principal genera. A species of that genus 
and another form (Ledva aurita)—remarkable for 
an ear-like lobe on each side of the prothorax— 
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CENTROTUS CORNUTUS 

are represented in the upper figures on this page. 
MEMBRACIDAE 


The family Membracide includes mostly exotic 
insects, which have in many cases an extraordinary 


appearance, owing to the shape of the prothorax, or - 


the curious way in which it is armed with spines or 
knobs, or with both combined. In these insects the 
head is somewhat vertical, and usually placed rather 
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PLANT-LICE 


GREAT LANTERN-FLIES 


low down; it carries very short antenne inserted 
near the front margin, and there are two ocelli between 
the compound eyes. The family is best represented 
in Tropical America, very few species being found in 
Europe, and two only in Britain. Centrotus cornutus, 
one of the two latter, may be recognised by the form 
of its prothorax, which carries on each side a horny 
spine, and is prolonged behind in another horny 
process, reaching almost to the end of the body. 


LEAF-FLEAS 

The leaf-fleas (Psyllid@)—included with the next 
two families in that section of the order to which the 
name Phytophthires has been given—are little jumping 
insects, winged in both sexes, and using their wings 
not so much for the purpose of flying as to assist in 
their leaps. They have ? 
moderately long 
antenne, consisting of 
eight or ten joints, and 
are thus easily dis- 
tinguished from the 
Cercopide. The head 
is provided with three 
ocelli, in addition to 
the compound eyes, 
and the tarsi are two- 
jointed. Owing to 
their method of loco- 
motion, these insects are not liable to be mistaken for 
plant-lice, although, like these insects, they infest the 
leaves and buds of plants. They prick the leaves to 
feed on the sap, their puncture being often followed by 
the formation of gall-like swellings. Psylla geniste 
feeds on the broom, and other species are found on 
apple and pear trees. 
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PLANT-LICE 
The plant-lice (Aphide) are small insects, which 
make up in numbers what they lack in size, and, owing 
to the injury they inflict on plants, must be ranked 
amongst the greatest pests with which the gardener 
and horticulturist have to contend. They are those 


soft, pulpy little 
creatures, with 
rather Jong anten- 
nee and conspicuous 
round eyes, so com- 
monly seen crowded 
together on the 
under side of leaves, 
in buds and flowers, 
in clefts in the bark 
of trees, and some- 
times even on the 
roots. The anten- 
ne are composed 
of from three to 
seven joints, on 
some of which are 
a number of curious 
rounded pits, prob- 
ably of a sensory 
nature. The eyes 
are placed on the 
sides of the head, 
and each has often 
a sort of supple- 
mentary eye at- 
tached to its hind 
border; while in 
the winged aphides 
there. jare three 
ocelli on the crown of the head. The beak is composed 
of three joints, and the tarsi are two-jointed and 
terminate in two claws. Wings, as a rule, are found 
only in the adult males and in some of those 
generations of asexual individuals to be mentioned 
presently. The fore wings are longer than the hind 
pair, and placed in repose like a roof over the hind 
part of the body. Both pairs have ascanty venation, 
consisting in each wing of a single longitudinal vein, 
and of some simple or forked branches given off 
obliquely from it. 

The number of species is considerable, and there is 
scarcely a single kind of plant that does not suffer as 
the special host of some one or more. Many are 
green, whence the name of green-fly by which they are 
commonly known; others are black, red, or some other 
colour. They are usually named after the plants on 
which they more particularly live, though each species 
is not necessarily confined to one kind of plant. Thus 
we have the plant-louse of the rose (Aphis rose), the 
green aphis of the apple (A. malt), which is found also 
on the pear and sloe tree, the cherry aphis (4. cerasz), 
and a host of others named in the same manner. 

The life-history of plant-lice is very complicated, 
and, although differing somewhat in different species, 
is always characterised by what is known as an alter- 
nation of generations. There are several broods or 
generations of these insects in the course of a year, 
but it is only in the last autumn brood that true sexual 
individuals are found. The males are generally 
provided with wings, but the females are larger and 
wingless ; they lay fertilised eggs, from which, in the 
following spring, the first brood of the year is pro- 
duced. The insects of this brood are usually wingless, 
and give birth to living young, or, as in the genus 
Phylloxeva, lay eggs from which the young subse- 
quently develop. The new brood, thus produced 
parthenogenetically, resembles the one from which 
it has sprung, and gives rise to a fresh brood in a 
similar manner. As many as nine or ten generations 
may succeed one another in this way during the 
course of the season, before the appearance in the 
autumn of the last sexual generation. The brood 
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preceding and giving rise to the latter often consists 
of winged individuals, which leave the plant on which 
they were born and fly to some other. 

In the genus Phylloxerva the males are wingless, and 
each of the sexual females lays but a single egg, known 
as the winter egg; but in other forms the number is 
often much greater. Each of the parthenogenetic 
females of Phyllovera may in the course of its life 
lay as many as two hundred eggs, and each of the 
viviparous females of other species may give birth 
before they die to forty or fifty young. When 
we consider that there are several generations every 
year, it can be easily understood how it is that 
these insects spread with such rapidity; and a 
sum in geometrical progression would show that 
the individuals which might arise in the course of/ 
a year from a single winter egg of Phylloxeva are 
not to be counted by hundreds or thousands, but 
by millions. Other species are capable of miultiply- 
ing as rapidly. Fortunately, plant-lice have many 
enemies, such as the larve of lady-bird beetles, of 
lace-wing flies, and of the flies of the family Syrphide. 
These larve devour great numbers, and ichneumon 
flies also help to keep them in check. 

Plant-lice are divided into a number of subfamilies, 
of which the first is represented by the genus Apjiis. 
In this genus the antennz are seven-jointed and about 
as long as the body; the two horuy tubes called 
cornicles, which project 
from the back of the 
abdomen, are also 
characteristic. Through 
these tubes the lice 
secrete a sweet kind of 
liquid much _ sought 
after by ants, who, in 
an affectionate way, 
come and caress the 
aphides in order to 
obtain it. The sticky 
substance known’ as 
honey-dew, which is 
often spread in a shiny 
layer over the upper 
surface of leaves, is, in 
most cases, nothing but 
the liquid dropped by 
the crowds of plant-lice living above on the under side 
of other leaves. 

The members of the allied subfamily Lachnine 
have six-jointed antennz, and instead of cornicles 
possess prominent glandular structures placed on the 
back of the abdomen. The figured Lachnus punctatus 
is found- on the willow. The apple-blight insect 
(Schizoneura lanigera), which may be recognised by the 
white fluff covering in the wingless individuals the 
back of the abdomen, belongs to another subfamily. 
The winged individuals of this species are black, 
whereas those devoid of wings are of a yellowish or 
reddish brown colour, and live in the crevices of bark. 
The species is supposed to have been introduced from 
America, hence its name of American blight. 

In the genus Phylloxera—distinguished among other 
characters by the three-jointed antenna—one species 
lives on the leaves of the oak-tree, while a second 
(P. vastatyix) is the dreaded insect so destructive to 
the leaves*.and roots of the vine. These, like many 
other species of the family, cause the formation of 
galls on the leaves and roots which they attack. The 
curious galls with the appearance of small fir cones, to 
often seen on young shoots of the spruce-fir, are caused 
by a species (Chermes abies) remarkable for its com- 
plicated life-history. 
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COCHINEAL INSECTS 


The enlarged figures represent, 1, the male, and, 2, the female 


SCALE-INSECTS 

The scale-insects (Coccid@), which owe their name 
to the fact that the larve and females of many species 
look like oval or rounded scales attached to the bark 
and leaves of plants, are very dissimilar in the two 
sexes. The adult males are provided with one pair of 
wings; the hind wings being rudimentary or altogether 
absent; they have rather long antennz, distinct 
eyes, and, in some. cases, are furnished with two 
long bristle-like tails. These winged males are very 
rarely seen, which is accounted for by the fact that 
their mouth-parts are atrophied, so that they are 
incapable of taking nourishment, and live only a 
short time. The females are always wingless, and 
usually remain fixed to one spot, with their beak 
buried in the tissues of the plant, and their back 
often spread out in the form of a shield covering 
the head and body. The beak is generally three- 
jointed, the antennze are short, and in the tarsi, 
which appear at first sight to consist of but one 
joint, two or three joints may on close examination 
be distinguished, the tast ending, as a rule, in a 
single claw. In many species the female dies shortly 
after. laying eggs beneath her, when her body dries 
up and remains as a protective cover for them. 

When the larve are hatched they soon leave this 
shelter, and rove about the food-plant in search of a 
suitable place in which to insert their beaks and begin 
the operation of pump- 
ing up the sap. They 
cast their skin several 
times in the course of 
oS their growth; and those 
: which become adult 
females undergo no 
great change in appear- 
ance, beyond an increase 
in their size, a gradual 
lengthening of the 
antenne, and a partial 
or almost complete 
obliteration of the 
segmentation of their 
bodies. With the male 
larve the case is differ- 
ent; these, unlike all 
others belonging to the 
order, undergoing a true metamorphosis before reach- 
ing the perfect state. Each prepares for itself a sort of 
cocoon, and it becomes transformed into a quiescent 
pupa, from which, after a certain lapse of time, the 
winged insect emerges. 

In Orthezia and other genera the female, instead of 
keeping to one spot on the food-plant, moves about 
and taps it at different points in order to extract the 
sap. When the eggs are laid, she envelops them in 
a kind of white cottony secretion and leaves them. 
Some species penetrate beneath the epidermis of their 
food-plant, and often cause the formation of galls, 
which, growing up around them, sometimes take the 
most extraordinary shapes. 

Scale-insects are probably more numerous within 
the tropics than in more temperate regions, although 
comparatively few of these tropical species have been 
described. These insects are found on the bark and 
leaves, and sometimes even on the roots of several 
different kinds of plants. They multiply rapidly, and 
often prove as injurious as the most noxious plant-lice. 
The orange, apricot, olive, peach, fig, and other fruit 
trees, as well as ornamental shrubs like the rose, have 
each their own species, from which they sometimes 
suffer severely. Some years ago the orange plantations 
of California were threatened with ruin owing to the 
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ravages of Icerya purchast, which had been accidentally 
imported from Australia, and had spread with great 
Experts were sent to Australia to try and 
discover the natural enemies of the insect in its native 


rapidity. 


country ; 1t was found that the scale- 
insect was there kept in check by dip- 
terous and hymenopterous parasites, 
but chiefly by the larve of a lady-bird 
beetle. A number of these beetles and 
parasitic insects were brought to 
America, and set to prey upon the 
Coccide. When they had multiplied 
sufficiently, they were distributed 
amongst several orange plantations, 
with the satisfactory result that many 
were soon almost entirely cleared of 


because of their injuries, there are a 


cultivated on account of the useful products they yield. 


Among these, the cochi- 
neal insect (Coccus cacti) 
is a native of Mexico and 
other parts of Central 
America, where it feeds on 
a species of cactus; but it 
has been introduced into 
Spain, Algeria, and a few 
other countries. The male 
is of a dark red colour, 
with pale wings ; the female 
has a reddish brown colour, 
but her body, which shows 
a distinct segmentation 
until the time of laying, 
is covered with a white 
powder. About seventy 
thousand dried bodies of 
these insects, chiefly 
females, are said to be con- 
tained in a single pound 
of cochineal. 

Long before the intro- 
duction of cochineal into 
Europe, two native species 
of Coccide@ had been used 
for similar purposes. The 
dye with which the 
ancients produced their 
deep red or Crimson 
colours was obtained from 
Chermes vermilio, known to 


the Greeks as kokkos and to the Arabians and Persians 


as kermes or alkermes. 


THYSANOPTERA 


LACHNUS PUNCTATUS 
“the scaly-bug. beak, 


few which are 


VINE-PHYLLOXERA 


rand 2, wingless form found on the root, seen from above and below; 3, the same 
from the side; 4, piercing organs; 5, winged individual ; 6, rootlets of vine, with 
swellings caused by Phylloxera ; 7, old root stock ; (8) hibernating individuals 


Another species (Porphyrophora polonica), formerly 


known as the scarlet grain of Poland, is found in many 
parts of Central Europe, and was at one time exten- 


sively collected for the sake of the 
red dye it afforded. The lac-insect 
(Carterta lacca) of the Oriental 
countries, not only furnishes the 
colouring matter called lac-dye, 
but causes also an exudation of a 
resinous substance, gum-lac, from 
the bark of the trees on which it 
lives. Stick-lac is the name given 
to this substance inits native state _ 
while still adhering to the twigs of 

the tree ; when separated, pounded, 


, 


and freed by washing from its colouring matter, it is 
known as seed-lac, which, after further preparation, 


becomes lump-lac, or shellac, 


The Pediculina, or true lice, as distinguished from the 


bird-lice of the order Orthoptera,, are 


HEAD-LOUSE AND EGGS; 
LOUSE; 3, CRAB-LOUSE 


provided with 
L007 


somewhat 
Though many species of Coccide have to be combated below with a row of hooks for attachment. 
the fleshy beak 
forming by their juxtaposition an inner membranous 


2,, BODY- 


piercing and suctorial mouth parts, and live on the 
blood of animals, to which by this means they are 
enabled to gain access. 
and were at one time associated with other wingless 


Though they are without wings, 


insects in a separate order, lice are 
now generally regarded as degraded 
forms of Rhynchota, in which the wing- 
less condition has been brought 
about as an adaptation to their 
parasitic life. 

In these insects the head is set horizon- 
tally, and carries short, cylindrical, and 
usually five-jointed antennz ; the eyes 
are small and simple; and the mouth 
consists externally of a soft, retractile 
conical in shape, and furnished 
Within 
there are four grooved pieces, 
tube, which can be ex- 
tended beyond its sheath, 
and acts both as a piercing 
organ and as a conduit 
for the passage of the 
blood which is sucked up 
by the insect. 

The thorax is small 
and not distinctly divided 
into segments, while the 
abdomen is_ relatively 
large, generally somewhat 
elliptical in outline, and 
exhibits seven or eight 
clearly marked segments. 
The tarsi are two-jointed, 
with the second joint in 
the form of a claw, which 
can be turned back 
towards the first. Lice 
multiply rapidly, one 
generation succeeding 
another in a short space 
of time. Their pear- 
shaped eggs are generally 
found attached to the 
bases of the hairs; the 
young, which are hatched 
after about eight days, 
undergo no metamor- 
phosis, and, in some cases, 
require only about eigh- 


teen days before becoming adult. 


THY SANOP TERA 


The insects comprised in the order Thysanoptera— 
some of them familiar enough to gardeners and others, 


by whom they are known as 
thrips—are all small. A few species 
only exceed four or five lines in 
length, while the great majority 
are less than a tenth of an inch 
long. They are distinguished from 
all other insects by certain peculi- 
arities in the structure of their 
mouth and of their wings and tarsi. 
The mouth lies far back on the 
under side of the head ; its man- 
dibles are transformed into a pair 


of piercing sete, while the upper lip, maxille, and 
labium—the two latter provided with short palpi—are 
united together to form a short suctorial tube. 
wings are small and narrow, contain few nervures, and 
are thickly fringed all round with long hairs. 
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pairs of such wings are generally present, but in some 
cases they may be rudimentary or altogether wanting. 
The tarsi, which consist of one, two, or three joints, are 
without claws at the end, but are furnished instead 
with small vesicular lobes, by means of which they 
adhere to the surface on which they rest. 

To these characters of the order we may add that the 
body is narrow and cylindrical ; the thorax is formed of 
three, and the abdomen of ten segments ; there are 
only three or four pairs of spiracular openings—two on 
the abdomen and one or two on 
the thorax; three ocelli are gener- 
ally present on the head in 
addition to the fairly large faceted 
eyes; and the antenne are com- 
posed of from seven to nine 
joints. The larve have a general 
resemblance to the adult insects, 
and in their last stage they remain 
inactive and take no nourishment. 

Less than a hundred species of 
Thysanoptera, belonging mostly 
to the European fauna, have been 
described. These little insects are 
frequently to be seen on flowers, 
and on other parts of plants. 
They feed upon the juices, and 


when present in large numbers are I, THRIPS CEREALIUM ; 2, PODURA VILLOSA The 


capable of doing an appreciable 

amount of injury. Some destroy the pollen grains, 
and so prevent the fertilisation of the flowers. The 
corn-thrips (Thrips cerealium) sucks the young grains 
on the ears of corn, and stops their further growth. 
Heliothvips hemorrhoidalis, another species, is common 
in hothouses, where it may be found on the young buds 
of several kinds of plants. 


THYSANURA 


The Thysanura are active little insects, which live 
generally in obscure 
places and are mostly 
of too small a size to 
attract muchattention. 
They never exhibit any 
trace of wings, undergo 
no metamorphosis, and 
have a distinctly seg- 
mented body, which is 
usually covered with 
hairs or scales and 
furnished behind either 
with a forked tail, used 
as a Springing appara- 
tus, or with two or 
three long, jointed ap- 
pendages, which some- 
times serve a similar 
purpose. Characterised 
on the whole by a 
somewhat primitive 
type of structure, and 
in general appearance 
resembling the larve 
rather than the adult forms of other insects, the 
Thysanura are in some cases distinguished by special 
features. 

The spring-tails, forming the suborder Collembola, 
are all furnished on the under side of the first abdominal 
segment with a curious tube or sucker, from the mouth 
of which a glandular process, secreting a viscid matter, 
can be protruded; they are remarkable also from the 
fact that in most of them no trace of a tracheal system 
has yet been discovered. In the Collembola the eyes, 
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SPRING-TAIL OF THE GLACIERS 7. 


when present, arein the form of simple or grouped ocelli ; 
the antenne number not more than six joints, and the 
abdomen has at most but six segments and very often 
only three. The forked tail, which is attached to one 
of the hinder segments, is usually turned forwards and 
held in position under the body; when released, it 
springs back, striking the surface of support, and 
causes the insect to bound up into the air. 

These little insects are to be found commonly enough 
under flower-pots, leaves, and stones, or under the 
bark of trees and in other such 
situations. They may sometimes 
be seen collected together in great 
numbers, and spread over the 
surface of the ground like a layer 
of powder. Some species, such as 
Podura aquatica, may frequently 
be seen floating in patches on pools 
of water, and by striking their 
tails against the surface of the 
water they can spring up into 
the air just as readily as others 
do from the ground. The glacier 
flea (Desoria glacialis) is an in- 
teresting species, found in Alpine 
regions, where it is often to be met 
with on the surface of the ice. 
bristle-tails (Thysanura 

proper) form but a small number 
of genera, some of which are very remarkable in having 
a series of small rudimentary legs on each side of the 
abdomen in addition to the ordinary six legs borne by 
the thorax. In all the genera the antenne are formed 
of alarge number of joints; and the abdomen shows 
ten distinct segments, and, except in the genus 
Japyx, carries at the end two or three long jointed 
tails. Japyx has instead a pair of short pincers like 
an earwig. 

The little silver-fish (Lepisma saccharina) is one of 
the best-known insects 
belonging to this sub- 
order. Found very 
often in damp corners 
in houses among old 
books or papers, it may 
be recognised by the 
silvery scales covering 
its body, and by its 
three bristle-like tails, 
of which the middle one 
is the longest. It feeds 
on the paste in the 
binding of books, and 
on sugary and starchy 
substances generally, 
though it is credited 
also with eating paper 
and linen. 

DW) 3S pie Chess Oe 
Machilis are found in 
Great Britain; one 
being common about 
rocks at the seaside, 
while the other is to be met with under stones in 
different parts of the country. Campodea staphylinus, 
the last insect we have to mention, is a pale, soft- 
bodied little creature, which is common almost every- 
where under stones and in loose garden soil. It runs 
actively, and has two very long tails, which it sticks up 
in the air or turns forward over its body. It has no 
eyes; the antenne are shorter than the tails and of 
equal thickness throughout; and the abdomen has 
seven pairs of rudimentary appendages. 
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